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Industry Perspectives 


Hydrocarbon Processing’s 
Mid-Year Update webcast 
to be held in late June 


Over the past several years, the hydrocarbon processing in- 
dustry (HPI) has been engaged in a whirlwind of peaks and 
valleys. In the late 2010s, capital expenditures for new refin- 
ing, petrochemicals and gas processing/LNG capacity were 
robust, especially in regions such as Asia, Russia, the Middle 
East and parts of the U.S. 

However, the onset of the COVID-19 pandemic and sub- 
sequent lockdowns and travel restrictions negatively affected 
global demand for transportation fuels and several petro- 
chemical product chains. This significant event caused many 
capital investment projects to be put on hold, reevaluated and 
even canceled. 

As the world emerges from lockdowns, many projects are 
beginning to restart activities. At the time of this publication, 
the Gulf Energy Information Global Energy Infrastructure 
database was tracking more than 1,000 active projects in the 
refining, petrochemicals and gas processing/LNG industries 
around the world. A breakdown of active project numbers by 
region includes the following: 

e Africa—102 

e Asia-Pacific—437 

e Canada—27 

e Western Europe—72 

e Eastern Europe, Russia and the Commonwealth of 

Independent States—132 

e Middle East—115 

e US.— 146. 

These projects will be instrumental in many countries 
around the world to satisfy increasing demand for certain 
transportation fuels and petrochemical products, as well as 
provide natural gas for power generation. In total, these proj- 
ects represent a total capital investment of more than $1.8 T. 


Forecast. What nations are investing in these projects? Why 
are they investing in new capacity? What major trends are 
driving the HPI globally? These questions are some of the 
topics that will be discussed during Hydrocarbon Processing’s 
Mid-Year Forecast webcast. 

Presented each year, this webcast provides an update to Hy- 
drocarbon Processing’s Market Data forecast. The webcast, to be 
held on June 24, will provide global HPI personnel with the lat- 
est capital project numbers; major trends, initiatives and com- 
pany/government programs that are driving change in the in- 
dustry; and an update on projected spending in capital markets. 

More information or to register for the complimentary web- 
cast can be found by visiting www.HydrocarbonProcessing/ 
com/webcasts. EP 
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Honoring the industry’s best: The HP Awards 


The hydrocarbon processing indus- 
try (HPI) is filled with unique and in- 
novative people that stive to provide 
technologies, processes and services to 
better the industry in which they work. 
Their contributions to the global refin- 
ing, petrochemical and gas processing/ 
LNG sectors are instrumental in provid- 
ing products demanded by billions of 
people every day. Hydrocarbon Processing 
believes that these contributions should 
be celebrated. 

Each year, Hydrocarbon Processing 
recognizes the people and companies 
within the global HPI that are providing 
new processes, technologies and know- 
how to advance operations, engineering, 
construction, safety and sustainability 
throughout the processing industries. 
These accomplishments are acknowl- 
edged through the HP Awards. 


HP Awards celebrates ingenuity. 
Hydrocarbon Processing will be celebrat- 
ing the Sth annual HP Awards in-person 
on October 12 in Houston, Texas. These 
awards honor the latest technologies and 
people that have been instrumental in 
improving facility operations over the 
past year and making the HPI safer, more 
efficient and more profitable. These peo- 
ple and companies deserve recognition 
for their achievements; the HP Awards 
was established to do just that. 


Past HP Award winners include com- 
panies and people from nearly every fac- 
et of the HPI. This includes operators, 
licensors, vendors and suppliers, service 
companies, and engineering, procure- 
ment and construction contractors. 
These companies/people provide the 
global processing industries a look into 
the many benefits and cutting-edge tech- 
nologies that this industry can produce 
in a given year. The HP Awards provide 
an outlet to recognize these achieve- 
ments and celebrate ingenuity. 


Categories. The HP Awards will fea- 
ture more than 20 categories, including 
three categories celebrating industry 
leaders. Hydrocarbon Processing will ac- 
cept nominations until late June within 
the categories listed in TABLE 1. 

For more information about the 2022 
HP Awards, a complete list of rules/ 
awards methodology, or to nominate 
your technology or colleague, visit www. 
HydrocarbonProcessing.com/events for 
additional details. Finalists for this year’s 
awards will be notified in August. All fi- 
nalists will be featured within a special 
section of the October issue of Hydrocar- 
bon Processing. 

The editors of Hydrocarbon Processing 
look forward to receiving your nomina- 
tions and wish all submitting companies 
the best of luck in this year’s awards. FP 


TABLE 1. HP Awards’ categories 


Automation technology 

Catalyst technology 
Cybersecurity program/software 
Refining technology 
Petrochemical technology 

Gas processing/LNG technology 
Flow control technology 

Health, safety and environment 
Instrument technology 


Modeling technology 


Digitalization technology 
AR/VR/AI advances 
Project/asset milestones 
Licensor of the year 

EPC of the year 
Sustainability 

Consulting firm of the year 
Lifetime achievement 
Executive of the year 


Most promising engineer 


INSIDE THIS ISSUE 
Process Optimization. 


2 The hydrocarbon processing 
industry constantly strives to optimize 
workflows, processes and safety 

to ensure reliable and profitable 
operations. This month’s Special Focus 
examines new technologies, processes, 
case studies and pathways towards 


optimal operations. 

5 Catalysts. Hydroprocessing 
catalysts are an essential part 

of refineries involved in the treatment/ 

conversion of most petroleum fractions. 

This article discusses critical aspects 

of a hydroprocessing catalyst testing 

program and presents the best 

practices/suggestions to ensure a 

successful benchmarking campaign. 


A Reliability. 


Design errors can occur 
during communication among process 
licensors, foreign and local engineering 
companies and equipment vendors. This 
article provides several case histories on 
corrosion failures caused by improper 
communication between project entities. 
Decarbonization. 


7 Countries around the world 
are investing in new technologies and 
initiatives to mitigate emissions. This 
article discusses several pathways 
to decarbonize the oil and gas and 
petrochemical industries, including 
energy efficiency; new technologies; 
electrification; and carbon capture, 
utilization and storage technologies. 
7 Renewable Fuels. 
Global producers are 
seeking to develop and optimize 
methods to create diesel fuel without 
using crude oil-derived feedstocks. 
These pathways include adopting 
digital tools and hardware and 


how they are being applied to 
manufacture renewable diesel. 
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K. FINNAN, Yokogawa, Hartford, Connecticut 


Business Trends 


The acceleration of industrial autonomy 
and its impact on sustainable manufacturing 


In 2020, the author’s company pub- 
lished the results of a survey that high- 
lighted a significant shift to industrial 
autonomy, with as many as 89% of com- 
panies planning to increase the level of 
autonomy in their operations. 

Building on the valuable insights 
of this research, the author’s company 
commissioned a further study in 2021 to 
gain an in-depth industry perspective on 
how major manufacturing companies are 
implementing industrial autonomy. This 
article summarizes the key findings and 
insights from that survey. 


Survey scope. The survey Global End- 
user Survey on the Implementation of In- 
dustrial Autonomy was conducted in Sep- 
tember 2021. The survey received 534 
respondents from 390 companies across 
seven global markets and seven different 
industry sectors. A total of 20 questions 
examined insights in the following areas: 

e The impact of industrial autonomy 

e Levels of deployment 

e Readiness of technologies 

e Decision-making 

e The impact on employment 

e Challenges. 

Respondents were all in management 
roles within different areas of companies, 
including corporate; operations, project 
and plant levels; and information tech- 
nology (IT). Of the resondents, 62% 
were manufacturers or process opera- 
tions, 20% were systems integrators and 
18% were original equipment manu- 
facturers. Company sizes ranged from 
medium to large, with workforces rang- 
ing from 1,000 to more than 100,000. A 
breakdown on industry sectors of the re- 
spondents included the following: 

e Chemicals and 

petrochemicals—15% 

e Pharmaceuticals and 


biopharma—20% 

e Oil and gas—39% 

e Power generation (traditional/ 
fossil fuel) —12% 

e Renewable energy—14%. 


Key findings. The 2021 survey shed 
light on several findings that have 
changed since the 2020 survey. As ex- 
pected, industrial autonomy deployment 
has accelerated. The biggest surprise was 
that environmental sustainability has 
emerged as an area in which industrial 
autonomy is expected to make a signifi- 
cant positive impact. 

The 2020 survey revealed that 30% of 
process industry companies had imple- 
mented autonomous operations and 30% 
planned to begin them in the next 3 yr. 
This trend appears to be accelerating, 
with 51% of manufacturers surveyed in 
the 2021 study now scaling deployment 
of industrial autonomy across multiple 
facilities and business functions, and an- 
other 19% having deployed it in at least 
one facility or business function. 

Further confirmation of this accelera- 
tion can be seen in the companies that 
are not engaging in industrial autonomy. 
In the 2020 survey, 7% reported that 
they had no plans to implement autono- 
mous or semi-autonomous operations, 
whereas all the manufacturing compa- 


Deployed in at 
least one facility/ 
business function 


19% 


Scaling 
deployment across 
multiple facilities/ 
business functions 


O 
Of 
51% 
Currently piloting in 
at least one facility/ 


business function 


14% 


Identified at least one 
use-case and currently 
developing pilot 


7% 


nies surveyed in 2021 are now actively 
considering industrial autonomy of 
some kind (FIG. 1). 

Aligned with a global focus on the 
greening of industry and a drive to- 
wards more sustainable manufacturing 
processes and operations, the survey re- 
vealed that 45% of respondents expect 
industrial autonomy to have a significant 
impact on environmental sustainabil- 
ity improvements in the plant. Only 6% 
expect industrial autonomy to have no 
impact on environmental sustainability. 

When asked specifically about sus- 
tainability, respondents indicated that 
high levels of positive impact are expect- 
ed across energy management, worker 
safety, greenhouse gas reduction and 
waste reduction. 

These findings reveal the develop- 
ing industry recognition of industrial 
autonomy as a way to achieve environ- 
mental impact reductions and sustain- 
ability goals. 

Due to the expected positive impacts 
of industrial autonomy, more than a third 
(37%) of respondents have already im- 
plemented multisite industrial autono- 
my projects, and 31% have implemented 
single-site projects, specifically for en- 
vironmental sustainability, encompass- 
ing dynamic energy optimization, water 
management and emissions reduction. 


Investigating 
technology and 
use cases 


8% 


Don't know 
1% 


Not considering 
industrial autonomy 


0% 


ye 


FIG. 1. Companies are starting to deliver on their intentions to deploy industrial autonomy, 
driving an increase in adoption and implementation, although considerable scope remains 


for broader deployment. 
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‘seal Business Trends 


Return on investment. Productivity 
improvements in production/manufac- 
turing processes are expected to deliver 
the highest return of investment (ROI) 


Rank1 


Production/manufacturing 
31% 


HSE (health, safety and environment) 


13% 13% 


Sales 


10% 1% 16% 


Supply chain 


12% 13% 10% 


Engineering 


10% 16% 9% 


Dp 
Ro 


D 
10% 8% 


% 
Marketing 

6% 11% 10% 
Back office (HR, finance, legal, etc.) 


1% 8% 1% 


Rank 2 


resulting from investments in digital 
transformation over the next 3 yr, with 
31% of respondents ranking this first and 
a further 20% ranking it second (FIG. 2). 


Rank 3 


20% 21% 


12% 


FIG. 2. Improvements in manufacturing and production processes represent the primary area 
for ROI from investments in digital transformation, but there is a rising significance of 


ROI related to HSE benefits. 


Mature for 
certain use cases 


Mature for large-scale 
development 


Usable, but needs 
further development 


Long way off 
from being ready 


Technology is 
not relevant 


Cloud 


36% 
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21% 
Distributed ledger technology/blockchain 
21% 


31% 
Edge devices 
21% 28% 


Al (machine-learning and deep learning, reinforced learning) 
21% 


AR/VR/MR 


19% 30% 


Robots and drones 
32% 


29% 


18% 


19% 


29% 


32% 


34% 19% 1% 4% 


24% 20% 1% 10% 


22% 12% 10% 


25% 12% 10% 


21% 13% 11% 


25% 12% 1% 


22% 17% 1% 


16% 9% 
15% 12% 


19% 26% 


FIG. 3. Technologies are generally ready for industrial autonomy, with cloud leading the way. 
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However, health, safety and environ- 
ment (HSE) is emerging as another area 
of significant ROI, with 26% ranking it 
first (13%) or second (13%) as the area 
for greatest ROI resulting from invest- 
ment in digital transformation in the 
next 3 yr. 


Is the technology ready? Technology 
readiness is a critical factor in successful 
industrial autonomy deployments. The 
survey revealed that the cloud is ranked 
as the technology area most ready to 
support industrial autonomy, with 36% 
of respondents citing that the cloud is 
mature enough to support large-scale de- 
ployment and 34% quoting it as a mature 
technology ready for certain use cases of 
industrial autonomy (FIG. 3). 

Other technologies such as distrib- 
uted ledger/block chain, edge devices, 
AI, robotics, and digital twins are most 
commonly cited as being mature enough 
for certain use cases. 


Remote operations capability is a 
catalyst, but what is the impact of 
COVID-19? Increasing the level of re- 
mote operations in manufacturing pro- 
cesses represents an important factor in 
industrial autonomy. The 2020 survey 
showed that as a direct result of COV- 
ID-19, more companies were looking to 
invest in remote operations. The ongo- 
ing impact of the COVID-19 pandemic 
is likely to continue to drive the adop- 
tion of remote working and autonomous 
operations. 

One-third of manufacturers are de- 
ploying single-site remote operations 
and 31% are implementing it across 
multiple sites in connection to industrial 
autonomy. Furthermore, 41% of manu- 
facturers expect industrial autonomy to 
have a significant impact on their remote 
operations capabilities (FIG. 4). 


What are the effects on the work- 
force? The general assumption that in- 
creased industrial autonomy, with self- 
governing systems and higher levels of 
autonomous operations, will lead to the 
loss of jobs is challenged by the findings 
of the survey. According to the respon- 
dents, there will be a greater emphasis 
on industrial autonomy to create new 
opportunities for the evolution of roles. 
Across eight key roles in a manufac- 
turing plant, an average of 40% will re- 


quire some retraining, and an average of 
28% will require extensive retraining as a 
result of industrial autonomy implemen- 
tations. More than 26% will see minimal 
impact from industrial autonomy or re- 
main unchanged, whereas only 6% of 
these roles will be eliminated. 

The survey also showed that 58% of 
respondents see industrial autonomy/ 
autonomous operations as systems that 
augment human tasks, provide decision- 
making assistance and adapt to changing 
conditions. 


Who are the key decision-makers? 
The survey underscored the importance 
of the C-suite in industrial autonomy 
decision-making. It showed that the 
Chief Executive Officer (CEO) plays a 
key role when it comes to implementing 
plant level autonomy, with 38% of re- 
spondents ranking the CEO as most in- 
fluential in decision-making. The Chief 
Technology Officer (34%) and Chief In- 
formation Officer (31%) are also seen as 
key decision-makers, demonstrating the 
prevalence of C-suite involvement. 


Senior-level technical professionals 
provide important support to these de- 
cisions, with 43% saying the Chief Digi- 
tal Officer has a significant influence on 
plant-level autonomy decisions. 

Industrial autonomy deployments 
are significant capital investments that 
fundamentally change working process- 
es. It is clear that decisions are made in 
the boardroom and are influenced by se- 


HP 


Business Trends 


nior-level technology professionals. FP 


KEVIN FINNAN is a Market 
Intelligence and Strategy Advisor 
at Yokogawa. He was previously 
an independent consultant, 
Vice President of Marketing for 
CSE-Semaphore and Director of 
Marketing at Bristol Babcock. He has 
more than 30 yr of experience in a variety of vertical 
markets and has launched more than 40 products 
in automation and measurement technologies. 


Allindustry sectors 


6% No impact 


14% Minor impact 


39% Moderate impact 


41% Significant impact 


FIG. 4. A greater necessity for remote operations in a post-COVID manufacturing environment 
is integral to the introduction of industrial autonomy. 
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Carboline launches 
CarboNext 


In a continued effort to serve the cor- 
rosion industry, Carboline has launched 
CarboNext, a program to educate, con- 
nect, support and engage with the next 
generation of engineers and profession- 
als. CarboNext’s core audience includes 
corrosion professionals 40 years old and 
younger who are engineers, specifiers, in- 
spectors, project managers, operators or 
anyone who desires to learn more about 
coatings and corrosion. 

Through outreach and networking 
opportunities, Carboline strives to be an 
organization that provides resources to 
those who look to further their knowl- 
edge of corrosion and protective coatings. 
In addition to training and education, the 


FIG. 1. The Intelligent Valve from Siemens 
Smart Infrastructure. 


FIG. 2. Sensor Networks Inc.'s 3rd-generation 
microPIMS? Intrinsically Safe. 
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CarboNext program will include technical 
events and community support projects. 


Intelligent valve combines 
energy efficiency, 
self-optimization 

The Intelligent Valve from Siemens 
Smart Infrastructure (FIG. 1), a self-opti- 
mizing, dynamic valve with cloud con- 
nection, now features an adaptive flow 
optimizer. This technology, as well as new 
features such as automatic presetting, con- 
tinuous optimization of the delta T limita- 
tion (AT) and system-generated reports, 
make it possible to achieve cost and ener- 
gy savings while maintaining comfort for 
the building occupants. For the first time, 
actions are autonomously evaluated and 
executed by the Intelligent Valve and com- 
municated to the building operator. 

The company states that the valve is 
more efficient and competitive than con- 
ventional pressure-independent control 
valves (PICV). Thanks to the automatic 
preset function, the valve now has the abil- 
ity to automatically adjust the volumetric 
flow presetting during operation and to 
control itself. This offers up to 37% energy 
savings for cooling and ventilation. 

The built-in learning mechanism is 
based on system demand and avoids 
maximum volumetric flow when it is not 
required. This reduces the probability that 
the delta T (AT) limitation control has 
to intervene, which would lead to a loss 
of comfort. Due to automatic presetting, 
installation is quick and easy because the 
system does not require power and the in- 
staller does not have to adjust each valve 
multiple times. As a result, the valve sup- 
ports out-of-the-box installation. 

The Intelligent Valve's self-adjustment 
feature makes it easy to accommodate 
changes of usage and, among other things, 
helps to continuously optimize the sys- 
tem and immediately detect faults and 
anomalies. The self-test report makes it 
easier to document the settings data and 
prove the efficiency of the system at any 
time. Since the report is system-generat- 


Innovations 


ed, entry and copy errors are prevented. 
Additionally, the RS458 interface for 
connection to Modbus RTU networks fa- 
cilitates integration in facility automation 
systems and improves monitoring of op- 
erating equipment anywhere in the world. 


Wireless, non-intrusive 
ultrasonic corrosion 
monitoring 

Sensor Networks Inc. (SNI) has re- 
leased its 3rd-generation Permanently In- 
stalled Monitoring System, microPIMS° 
Intrinsically Safe. 

This star-network topology system le- 
verages SNI’s success and experience in 
non-invasive corrosion/erosion monitor- 
ing with this network of ultrasonic sensors. 
Intrinsically safe, fully wireless and non- 
intrusive, it operates using long-range sub- 
gigahertz LoRaWan’ wireless connectivity. 

Each microPIMS sensor (FIG. 2) can 
be programmed to take thickness readings 
at any user-defined time interval. Data is 
automatically sent to private webPIMS™, 
cloud-based or on-premise LoRaWAN 
system + software back-end for analysis, 
trending and more. 

These units can be easily installed tem- 
porarily or permanently with either a band 
clamp or a magnetic base for tanks and 
vessels. 2 D-sized batteries provide each 
unit with 15 yr of life at one reading per 
day. The microPIMS from SNI can also 
help to lower costs by reducing scaffolding 
and insulation removal/refitting for inter- 
nal corrosion monitoring. 


The squeaky wheel 
gets the (biobased) oil 


It is often true that “the squeaky wheel 
gets the grease/oil,” both literally and 
figuratively. In the past, this maintenance 
activity had to be done with a petroleum- 
based lubricant. In response to today’s em- 
phasis on greater environmental responsi- 
bility, Cortec® has provided a biobased oil, 
the EcoLine® ELP all-purpose lubricant. 
EcoLine ELP is a high-performance, bio- 


degradable soy-based lubricant and pen- 
etrant for general purpose use (FIG. 3). It 
is formulated from natural seed oils and 
select additives that offer lubricity and 
performance superior to conventional 
lubricants. Its excellent performance, bio- 
based nature and low environmental im- 
pact make EcoLine ELP a desirable option 
for environmentally conscious industries 
or federal agencies and their contractors 
seeking to comply with mandatory federal 
purchasing guidelines of the USDA Bio- 
Preferred’ Program. 

EcoLine ELP contains 95% USDA cer- 
tified biobased content, surpassing mini- 
mum biobased content requirements for 
products falling into the BioPreferred cat- 
egory of multifunctional lubricants. In ad- 
dition to being biobased, EcoLine ELP is 
biodegradable, chlorine-free and not toxic 
to plants—a much more environmentally 
friendly prospect than petroleum-based 
products in case of a leak or spill. 

EcoLine ELP has shown good perfor- 
mance in laboratory testing compared 
with several petroleum-based lubricants. 
When evaluated according to the ASTM 
D-3233 Falex Pin and Vee Block Test, 
which demonstrates the extreme pres- 
sure properties of lubricants, EcoLine 
ELP held up under a much heavier load 
than the other lubricants while avoid- 
ing scarring. Compared to WD-40° and 
CRC 3-36°%, it was able to withstand four 
times the load; compared to LPS 2°, it was 
able to withstand 10 times the load. Co- 
efficient of friction for EcoLine ELP was 
also significantly lower than the competi- 
tion—as low as one-eighth that of LPS 2. 

When tested according to ASTM 
D-4172 Wear Preventive Characteristics 
of Lubricating Fluid (Four-Ball Method), 
EcoLine ELP showed a much smaller 
scar diameter than the three other prod- 
ucts. EcoLine ELP has many uses. Chain 
and gear systems need frequent lubri- 
cation and are often out in the open at 
risk for outdoor leaks and spills where 
a biodegradable product would be pre- 
ferred. Nuts and bolts that must be easily 
removed for equipment access and fans, 
wheels and hinges are other common 
moving parts where biobased EcoLine 
ELP can be introduced. 

EcoLine ELP and the three other prod- 
ucts were assessed by applying them to 
rusty nuts and bolts and leaving them to sit 
for 15 min. They were then unscrewed, and 
the torque was measured. EcoLine ELP fell 


into close range with the performance of 
the competition. Also, although corrosion 
protection is not the main purpose of Eco- 
Line ELP, parts treated with it passed more 
than 3,000 hr corrosion-free in 100% hu- 
midity at 50°C (122°F) (ASTM D-1748). 


Expanded Microsoft Azure 
machine-learning support 


Seeq Corporation, a leader in manufac- 
turing and Industrial Internet of Things 
(IloT) advanced analytics software, has 
announced additional integration support 
for Microsoft Azure machine-learning. 
This new Seeq Azure Add-on (FIG. 4) 
enables process manufacturing organiza- 
tions to deploy machine-learning models 
from Azure Machine Learning as add-ons 
in Seeq Workbench. The result is that 
machine-learning algorithms and innova- 
tions developed by IT departments can be 
operationalized so frontline OT employ- 
ees can enhance their decision-making 
and improve production, sustainability 
indicators and business outcomes. 

Seeq’s strategy for enabling machine- 
learning innovations provides end users 
with access to algorithms from a variety 
of sources, including open source, third- 
party and internal data science teams. 
With the new Azure machine-learning in- 
tegration, data science teams can develop 
models using Azure Machine Learning 
Studio and then publish them using the 
Seeq Azure Add-ons feature, available on 
GitHub. Using Seeq Workbench, front- 
line employees with domain expertise can 
easily access these models, validate them 
by overlaying near real-time operational 


HP 


Innovations 


data with the model results, and provide 
feedback to the data science team. This 
enables an iterative set of interactions be- 
tween IT and OT employees, accelerating 
time to insight for both groups, while cre- 
ating the continuous improvement loop 
necessary to sustain the full lifecycle of 
machine-learning operations. 

Along with increased access to ma- 
chine-learning models through this inte- 
gration, Seeq’s self-service applications 
enable frontline employees to perform ad 
hoc analyses and use the models them- 
selves, rather than rely on an IT team 
member for support. As the models yield 
results, Seeq empowers users to scale 
them across the organization to improve 
asset reliability, production monitoring, 
optimization and sustainability. 

In addition to launching the Azure in- 
tegration, Seeq is also expanding its list of 
published open source algorithms with the 
addition of a new Seeq Add-on to GitHub 
for multivariate pattern search. FP 


An expanded version of 
Innovations can be found online 
at www.HydrocarbonProcessing.com. 


FIG. 3. Cortec® has provided a biobased oil, 
the EcoLine® ELP all-purpose lubricant. 


FIG. 4. The new Seeq Azure Add-on enables process manufacturing organizations to deploy 
machine-learning models from Azure Machine Learning as add-ons in Seeq Workbench. 
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Screw compressor volume control options 


During their careers, most rotating 
machinery experts have dealt with the 
selection of advanced screw compressors. 
These are often chosen for their overall 
simplicity and efficiencies that gener- 
ally exceed those of centrifugal compres- 
sors. Although control options can differ 
for dry-running vs. liquid injection-type 
screw compressors, volume control helps 
control the wide possible operating rang- 
es of these machines. 


Controlling dry-screw compressors. 
The following options can be used to con- 
trol dry-screw compressors.’ 

Control by variable speed. Because 
screw compressors displace the medium 
positively, the most advantageous volume 
control strategy is to vary the speed. This 
may be done by using variable speed elec- 
tric motors, steam turbine drives, hydrau- 
lic or hydro-mechanical torque convert- 
ers, and other means. 

Speed may be reduced to about 50% 
of the maximum permissible speed. In- 
duced flow volume and power transmit- 
ted through the coupling are reduced in 
roughly the same proportion. 

Bypass. Using this method, the sur- 
plus gas volume is made to flow back to 
the intake side by way of a compressor 
discharge pressure controller. An interme- 
diate cooler brings the surplus gas volume 
down to intake temperature. 

Full-load/idling-speed governor. As 
soon as a predetermined final pressure is 
attained, a pressure controller operates a 
diaphragm valve that opens a bypass be- 
tween the discharge and suction sides of 
the compressor. When this occurs, the 
compressor idles until pressure in the sys- 
tem drops to a predetermined minimum 
value. The valve will close again on receiv- 
ing an impulse from a pressure sensor. This 
brings the compressor back to full load. 

Suction throttle control. Suction 
throttling is suitable for only air compres- 
sors. As in the case of the full-load/idling- 
speed control method, a predetermined 
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FIG. 1. Slide valve operation. 


SLIDE VALVE 
START TO 


SLIDE VALVE 
OPENS 


OPEN 


LVE POSITION 


maximum pressure in the system (e.g. in 
a compressed air receiver) causes pressure 
on the discharge side to be relieved down 
to atmospheric pressure. Simultaneously, 
the suction side of the system is throttled 
down to about 0.15 bar absolute pres- 
sure. When pressure in the entire system 
has dropped to the permissible minimum 
value, full load is once again restored. 


Controlling liquid-injected screw 
compressors. The following are path- 
ways to control liquid-injected screw 
compressors. 

Suction throttle control. Since the 
final compression temperature is gov- 
erned by the injected oil, a greater range 
of compression ratios can be accommo- 
dated by liquid-injected machines. This 
permits the main flow volume to be var- 
ied within wide limits. 

Built-in volume governor. Large 
compressors are frequently equipped 
with an internal volume-regulating de- 
vice. FIG. 1 illustrates the principle. A slide 


valve that is shaped to match the contours 
of the housing is built into the lower part 
of the housing. It is designed to move in 
a direction parallel to the rotors, where- 
by the effective length of the rotors can 
be shortened. The range of this control 
mode is typically between about 10% and 
100%. Compared with suction throttling, 
this type of control offers more efficient 
operation and is often preferred. FP 
REFERENCE 
1 Bloch, H. and H. Elliott, Compressor Technology 


Advances: Beyond 2020, DeGruyter, Berlin, Germany, 
2021. 
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Strategic cost management: 


Uncover supply chain inefficiencies 


Controlling costs is critical for any en- 
ergy company. Firms may spend to grow 
through acquisition, develop new busi- 
ness, gain market share or invest in new 
opportunities. However, as a business 
activity decreases following this period 
of growth, what happens to the variable 
costs? If companies have planned strategi- 
cally, their variable costs fall directly pro- 
portional to their activities. Conversely, if 
they have invested without careful execu- 
tion of the growth strategy, companies 
may be stuck with higher variable costs 
despite the lower activity. 

This asymmetrical relationship can be 
found through comparisons of selling, gen- 
eral and administrative (SG&A) and cost 
of goods sold (COGS) to a comparison of 
sales. If the decrease in SG&A and COGS 
is not proportional to the decrease in sales, 
then it is worth investigating to uncover 
the costs in the supply chain. According 
to the The CPA Journal, costs will typically 
be sticky if adjusting capacity downward 
in response to a decrease in sales is more 
challenging. This statement in the context 
of hydrocarbon supply chain management 
is further examined here. 


Adding capacity: A supply chain 
dilemma. Firms add capacity during 
periods of growth for many reasons. Ac- 
cording to one Morningstar analyst, 
“Consolidation makes sense—econo- 
mies of scale will enable firms to lower 
supply costs; less fragmentation will 
ensure more efficient response to price 
signals and inventory constraints.” This 
line of thinking was held during the early 
phase of the pandemic by Devon Energy 
and WPX Energy. They announced a 
merger in late 2020 to build a dominant 
position in the Delaware Basin so neither 
had to slog through the demand uncer- 
tainty on their own. A larger economy of 
scale combined with a rationalization of 
activity helped to control initial costs. 


Companies add capacity to expand 
their networks to reach new markets or 
capture greater margins. One company, 
PBF Energy, looked to broaden its reach 
of selling finished goods beyond just its 
West Coast Torrance Refinery. In Febru- 
ary 2020, it completed its acquisition of 
the West Coast Martinez Refinery, which 
added to the existing capacity in South- 
ern California. The economics can be 
quite favorable to add value by delivering 
the finished product to locations closer to 
customers. By enhancing an existing net- 
work, options were now available to op- 
timize cheaper feedstocks from overseas. 
The acquisition also brought with it ad- 
ditional deepwater marine facilities, prod- 
uct distribution terminals and product 
storage facilities. The expansion offered 
more optionality to marketers with in- 
creased production, logistics and storage. 

Businesses also add capacity because 
of the specialized logistics that may be 
required to move a particular product. 
Crude refiners and specialty chemical 
manufacturers share this burden. Rail- 
roads are not going to provide free rail- 
cars that are specialized for hauling the 
products. So, a high-volume shipper must 
decide whether to lease or purchase its 
fleet. Most downstream companies with 
substantial volume operate fleets of rail- 
cars. Though the railroads own some 
cars, the pendulum has swung to com- 
panies owning and leasing fleets of their 
own (FIG. 1). The typical railcar lease is 
7 yr; the typical ownership timeline is ap- 
proximately 30 yr. These are major capital 
outlays to support a supply chain strategy. 


Managing the supply chain. In the 
case of supply chain management, it 
may appear that expansion and control 
over your supply chain and logistics are 
counterintuitive to strategic cost man- 
agement. As presented in the examples 
above, that can indeed be the case. In 


29% rail 
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FIG. 1. U.S. freight car by owner. Source: 
FreightWaves. 


each of the examples, management 
teams weighed the pros and cons of con- 
tracts vs. leasing vs. owning. In the end, 
control of the inventory and movement 
of the products won out over cost man- 
agement—the reason is the overall im- 
portance at the time that refiners placed 
on having complete control over their 
shipments of cheap crude domestically. 

However, this is not to say that you can- 

not have your cake and eat it, too. It is pos- 
sible to have strategic cost management if 
you recognize the vision and strategic im- 
perative behind certain costs. Before you 
act on expansion, it is important to evalu- 
ate the processes that the company will be 
taking on. For example, when Calumet Su- 
perior built a $10-MM rail facility across 
the street from its refinery, it suddenly en- 
tered rail and railcar management. 

According to the refinery manager, 

the movement of crude was “never in- 
tended to be a major part of operations.” 
Ask yourself: 

e Do you have the core competency 
and skills needed to perform the 
necessary functions in both the 
short- and medium-term? 

e Is this a competency that your 
company wants to develop and 
grow over time? 

e Will it continue to be a 
competitive advantage, or is the 
expansion opportunistic and 
fleeting and will it need to contract 
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when the market activity reduces? 

Such was the case with Philadelphia 
Energy Solutions, which had to pay $30 
MM quarterly to North Yard Logistics— 
based on the terms ofthe deal—even ifthe 
refinery was receiving little to no crude. 

The best protections against long-term 
costs that burden a company are visibility 
and transparency. The implementation of 
a digital strategy allows for the total cost 
to serve customers to be calculated and 
evaluated continuously. Digital transfor- 
mation does not mean having one single 
enterprise resource planning (ERP) sys- 
tem that replaces all the best-of-breed 
logistical solutions. Instead, focus on 
the interfacing of the logistical systems 
into a central hub where the costs can be 
analyzed and compared against the sales. 
Chances are that the commercial deals 
and transactions may be missing some of 
the costs to serve customers. Simply put, 
logistics can make or break the trade. 


On the offensive: Strategic cost 
management. It is important to be stra- 
tegic in the analysis of the supply chain, 


rather than purely defensive. In the end, 
controlling costs is not about gutting your 
supply chain and disposing of assets at the 
first sign of a downturn in activity. Rath- 
er, it is a continuous insight into the true 
embedded costs and constant discussion 
as to how to manage those costs through 
different commercial terms. It is about 
developing critical insight into the under- 
lying factors that drive your supply chain 
and setting up the business processes to 
maximize the investment. It can also be 
the foundation for asset-backed trading 
and increased commercial sophistication. 

By maintaining clear insight into the 
supply chain network and the true cost 
to serve, management can focus on maxi- 
mizing profit. The implementation of 
optimization software is critical to model 
and create a digital twin of the supply 
chain. The optimization software ingests 
the inputs from logistical systems, trad- 
ing systems and operations, and solves for 
objective functions like maximizing profit 
or minimizing costs. Armed with these 
results, management can now gain insight 
into their customers and better forecast 


demand. They can tweak the model to en- 
sure that the supply chain is used most ef- 
ficiently over time. A strong management 
team will notice signals and patterns in the 
data by watching the forecasted demand 
and analyzing where to take the product 
for the best netback price. Additionally, 
by recognizing where the competitive ad- 
vantage may be lost or market share con- 
ceded in a particular geography, a manage- 
ment team can recognize when it must sell 
down the capacity appropriately. HP 
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Distillation column DCS control configuration 


Is there a consensus about a distillation 
column distributed control system (DCS) 
control strategy? Much has been written 
about this topic, covering configuration 
possibilities, constraints and interacting 
control considerations. This article pro- 
poses a default DCS configuration to serve 
as a basis. Deviations from the basis are 
permitted, though reasons for these devia- 
tions should be discussed and understood. 


Can one DCS configuration be valid 
for most cases? Distillation columns 
typically fractionate a mixture of compo- 
nents into a light boiling fraction (distil- 
late) and a heavy boiling one (bottom). 
The control strategy must first set distillate 
yield (or cut) correctly to draw all the light 
components in the feed. This is impor- 
tant because failure to set the cut correctly 
would contaminate one of the products. 

Once the cut is set, the column vapor 
and liquid traffic (or fractionation) must 
be set. Separation is not absolute, and 
cross-product contamination is a function 
of the internal liquid-to-vapor ratio. It is 
necessary to define the reflux or reboil ra- 
tio to achieve the desired product purities. 
Therefore, distillation control is about ma- 
nipulating two handles: cut and fraction- 
ation. Precise cut control is more impor- 
tant than fractionation. A 1% cut error may 
cause significant contamination; whereas, 
for fractionation, even a 5% shift in the re- 
flux ratio is of minor consequences. 

A proposed default configuration that 
would work for many cases is illustrated 
in FIG. 1. This DCS structure is called a 
heat balance-type configuration, aug- 
mented by a tray temperature controller 
(tray TC). The operator sets the reflux 
flow, whereas the distillate draw is on the 
accumulator level control. Distillate yield 
is determined by the heat balance. If re- 
boiler heat duty increases, more vapors 
will reach the condenser, liquify and be 
extracted as distillate. 

The operator has no precise knowledge 
of the feed composition and no clue what 


distillate yield is desirable. Beyond that, 
feed composition and throughput may 
vary. Tray TC is a rudimentary inferential 
controller of the cut. Should the feed be- 
come heavier, the tray would warm, and 
the TC would then cut down reboiler heat 
duty, reducing distillate yield. 


Is a tray TC the perfect inference? 
No, but it responds in the right direction 
upon feed composition or enthalpy chang- 
es. Without a tray TC, heat balance con- 
figurations are difficult to operate. A more 
elaborate inferential model is feasible, 
considering more column measurements, 
internal vapor and liquid traffic. That 
model could be implemented as a part of 
the advanced process control (APC) ap- 
plication, and it would reset the tray TC 
setpoint. However, an elaborate inferen- 
tial model is not recommended as part of a 
default DCS strategy. 


What about reflux control? Shouldn’t 
the default DCS control strategy include 
some form of fractionation control? Re- 
member that automatic reflux control 
is not as critical as cut control because 


the operator knows what reflux ratio is 
needed for the separation. Slow ratio con- 
troller of reflux to feed or distillate is not 
out of the question, although dynamic 
considerations suggest that fractionation 
control logic should be left for APC. To 
illustrate the dynamic issues, consider an 
event when feed flow is ramping up. The 
tray TC becomes cold, and the controller 
works hard ramping the reboiler to cor- 
rect the cut. The last thing needed at that 
moment is an increase in reflux flow that 
would further cool the column. The APC 
would permit increasing the reflux only 
when the TC is at or above the setpoint. 


What about pressure control? The 
pressure control method should not affect 
the separation control strategy discussed 
above, but for completeness, FIG. 1 shows 
one popular configuration used for total 
condensers where the condenser is lo- 
cated below the accumulator. This slows 
down condenser drainage, which builds 
up liquid levels in the condenser, cover- 
ing condenser tubes, reducing condenser 
effectiveness and increasing the column 
pressure. When column pressure is too 


FIG. 1. Heat balance control configuration with stripping section tray TC. 
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FIG. 2. Tray TC used to manipulate reflux. 


high, hot vapor bypass is reduced and ac- 
cumulator pressure decreases, encourag- 
ing condenser drainage, exposing more 
of the condenser area and increasing 
condensation to reduce the column pres- 
sure. For this concept to work, column 
pressure must be higher than accumulator 
pressure, which is accomplished by plac- 
ing the condenser below the accumulator. 


On what tray should the TC be lo- 
cated? FIG. 1 does not specify whether 
the TC should be placed near or far from 
the reboiler. The purpose of distillation 
is to separate a light component, called 
a light key (LK), from a heavier com- 
ponent, called a heavy key (HK). Many 
columns deal with multiple components, 
some lighter than LK and others heavier 
than HK. Lighter components would 
evaporate to become part of the distillate, 
whereas heavier components would sink 
to the bottom. 

Each column has a composition pro- 
file where vapor and liquid composition 
become heavier near the reboiler. While 
bottom product specification may call 
for 1% or fewer LK contamination, the 
tray TC vapor stream would have a much 
higher content of LK, ideally 15%-20% 
for cut control sensitivity. The tray tem- 
perature is a function of composition, and 
upon change, the tray TC would manipu- 
late the reboiler to correct the tray com- 
position. Therefore, the tray TC works by 
keeping the tray composition constant. 

The tray TC location is often deter- 
mined before control engineers state a pref- 


erence. Non-ideal locations would hinder 
the tray its usefulness as a cut control tool. 


What about a tray TC located in 
the rectifying section? Dynamically 
manipulating the reboiler to control a 
rectifying section tray temperature is 
challenging. It is preferred that the TC 
manipulates reflux flow rather than re- 
boiler duty, as shown in FIG. 2. From a heat 
balance point-of-view, reboiler manipula- 
tion is like reflux manipulation. Reducing 
the reflux would increase distillate yield. 
Ideally, that TC would be located ona tray 
where the HK content of the tray liquid 
would be 15%-20%. 

This simple configuration serve as a 
default configuration for a distillation 
column DCS strategy. It is clean, simple, 
non-interactive, easy to operate and keeps 
the product’s purity near-constant. Upon 
receiving lab results indicating that one 
product is too clean and the other is too 
contaminated, the operator would reset 
the TC setpoint to correct the cut. Con- 
versely, when both products are either too 
clean or too contaminated, the operator 
would manipulate the reflux flow setpoint 
to correct the fractionation. FP 
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Xylene-loop scheme for minimized GHG emissions 
and PX production cost 


Molecular management, energy ef- 
ficiency and carbon dioxide (CO,) 
emissions have become major focuses 
for petrochemical complexes, including 
aromatics plants. The xylene loop ac- 
counts for about two-thirds of the energy 
consumption and associated emissions 
in a modern reformate-to-paraxylene 
(PX) facility. In the xylene loop, xylene 
vapor-phase isomerization (VPI) units 
carry out two chemical reactions: the 
isomerization of para-depleted xylenes 
to equilibrium xylenes, and the removal 
of ethylbenzene (EB) by chemical con- 
version. EB can either be isomerized to 
xylenes (the EB-reforming VPI process) 
or dealkylated to benzene (the EB-deal- 
kylation VPI process). With reformate 
C, aromatic cuts containing up to 18% 
EB, converting EB to benzene or xylene 
has a significant impact on the total PX 
vs. benzene production. 

With an unprecedented wave of large 
steam crackers going onstream in China, 
Korea, the U.S. Gulf Coast and other 
parts of the world, pygas benzene is ex- 
pected to be widely available in these 
regions. The abundance of benzene sup- 
ply, combined with potential bans on 
some benzene derivatives (e.g., bisphe- 
nol A in Europe), may drive operators of 
existing and future aromatics complexes 
to maximize their PX output while 
minimizing benzene. 

In xylene liquid-phase isomerization 
(LPI), the only reaction taking place is 
the isomerization of para-depleted xy- 
lenes to equilibrium xylenes. Except in 
specific situations, LPI is normally de- 
ployed in conjunction with VPI to man- 
age EB removal from the xylene loop. 
LPI operates at a significantly lower tem- 
perature than VPI and yields hardly any 
C, aromatics and C,, aromatics—there- 


fore, the LPI effluent can be directed to 
the xylene column without the C, aro- 
matics fractionation. 

A configuration including LPI with 
an EB-reforming VPI process in an aro- 
matics complex significantly reduces 
overall product losses, energy consump- 
tion and associated greenhouse gas 
(GHG) emissions, thereby affording the 
lowest PX production cost. In an exist- 
ing facility, the addition of an LPI unit 
also opens the possibility of revamping 
an EB-dealkylation process into an EB- 
reforming process. Case studies show- 
ing the synergies between LPI and EB- 
reforming VPI, including the addition of 
LPI to an existing facility and grassroots 
facility combining both technologies, are 
reported here and discussed. 


Xylene loop: Two paths for EB re- 
moval. Aromatics producers usually 
define the xylene loop as the circuit that 
includes the xylene column, the PX sepa- 
ration process, the xylene isomerization 
process (the effluent of which returns 
to the xylene column) and the ortho- 
xylene column, where applicable. In fa- 
cilities converting reformate to PX, the 
xylene loop accounts for approximately 
two-thirds of the capital and operating 
expenses. Consequently, opportuni- 
ties to reduce PX production costs and 
utilities consumption primarily rest with 
the xylene loop design and operation. 
The C, aromatic cuts processed in PX 
complexes essentially contain three xy- 
lene isomers (orthoxylene, metaxylene 
and PX) and EB. Ironically, PX—the 
most desired of the xylene isomers—is 
also the least abundant at equilibrium. 
Therefore, PX is continuously separated 
from C; aromatic isomers, and, following 
this separation step, the para-depleted 


effluent is re-isomerized to equilibrium 
xylenes and recirculated in a large loop 
for further PX separation until all xylene 
isomers are eventually converted to PX. 
The fourth C, aromatic isomer (EB) 
cannot be fractionated out, since its boil- 
ing point is too close to that of xylene 
isomers—yet it must be eliminated be- 
cause it takes up space in the xylene loop 
and reduces the PX production capacity 
of any facility. 

In VPI units where para-depleted xy- 
lenes are re-isomerized to equilibrium 
xylenes, EB is simultaneously removed 
via a chemical route. Since two options 
exist for EB removal, two processes are 
commercially available: 

e An EB-reforming VPI 

process, where ethylbenzene 

is converted to xylene 

e An EB-dealkylation VPI 

process, where ethylbenzene 

is converted to benzene. 
While aromatics facilities are usually 
erected to produce PX, benzene is an im- 
portant byproduct. Naphtha reformate 
C, cuts may contain up to 18% EB.” 
EB content in C, aromatic streams vary 
widely depending on the source, with 
transalkylate C, cuts containing as little 
as 1% EB,’ and pygas Cs cuts containing 
more than 50% EB.’ In a typical mod- 
ern plant, reformate represents about 
half of the xylene-loop C, aromatic feed, 
while transalkylate represents the other 
half, meaning that the feed EB content 
is approximately 8%-9%. Therefore, 
the decision to convert EB to xylene or 
benzene has a significant impact on the 
overall feed consumption/PX produc- 
tion capacity of the plant. 

FIG. 1A shows the reaction pathway 
for EB conversion to xylene, and FIG. 1B 
shows the reaction pathway for EB con- 
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version to benzene. The former reaction 
is an equilibrium reaction under ther- 
modynamic control—hence, conversion 
per pass is limited. The latter is an irre- 
versible reaction under kinetic control; 
in this case, conversion per pass can be 
adjusted with parameters such as tem- 
perature, residence time and hydrogen 
partial pressure.’ 

State-of-the-art, optimized EB-re- 
forming and EB-dealkylation VPI pro- 
cesses have made substantial progress in 
minimizing product loss per pass. How- 
ever, due to the thermodynamically vs. 
kinetically controlled reaction pathways, 
the achieved EB conversion per pass is 
nearly twice as high with EB-dealkyl- 
ation VPI than with EB-reforming VPI, 
resulting in higher energy consumption 
at equivalent EB conversion for the lat- 


A 


ter process. Conversely, at equivalent 
PX production, feed consumption will 
be substantially higher with EB-deal- 
kylation VPI, since EB is converted to 
benzene instead of xylene. Furthermore, 
with EB-dealkylation VPI, two out of 
eight carbons in the EB molecule are 
converted to light gas, which significant- 
ly affects overall plant economics when 
C, aromatic feeds are EB rich. 


LPI: Low investment for low product 
loss and low energy consumption. 
LPI has been previously discussed in 
literature.** This simple and inexpen- 
sive process affords lower energy con- 
sumption vs. VPI processes—not only 
because of the absence of feed vaporiza- 
tion and associated hardware, but also 
because of the lack of side reactions, 


H, O~ -H X 
—> —", 
<—_— — 


Ethylbenzene 


Ethylbenzene Benzene 


Naphthene intermediates 


Xylene 


H, 
+ GH, —> + GH, 


Ethylene Benzene Ethane 


FIG. 1. Reaction pathways for EB conversion to xylene or benzene: (A) EB reforming and 


(B) EB dealkylation. 
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FIG. 2. The addition of two LPI units in an existing facility operating two xylene loops in parallel. 
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meaning little to no byproduct genera- 
tion and a considerably simplified efflu- 
ent fractionation scheme. Marginal side 
reactions also mean near undetectable 
product loss per pass, which is another 
significant advantage compared to VPI 
processes. Since the LPI process does 
not remove EB, it is usually deployed in 
conjunction with a VPI process to pre- 
vent EB accumulation in the xylene loop. 
The higher the percentage of PX separa- 
tion raffinate that is processed through 
LPI vs. VPI, the higher the energy sav- 
ings and product loss minimization. 
Conversely, the higher the percentage of 
PX separation raffinate that is processed 
through LPI vs. VPI, the lower the over- 
all EB removal. Therefore, the split be- 
tween LPI-processed and VPI-processed 
raffinate is the result of a xylene-loop 
optimization effort. 

The two commercial case studies 
detailed in this article demonstrate that 
PX production can be maximized via 
EB-reforming VPI, while both energy 
consumption and product loss are mini- 
mized by the addition of an LPI process. 
In other words, a scheme comprising 
EB-reforming VPI and LPI processes ef- 
fectively leads to the lowest PX produc- 
tion cost and the lowest GHG emissions 
for a xylene loop. 


Case Study 1: LPI process addition 
to an existing xylene loop operat- 
ing an EB-reforming VPI process. 
The flow scheme of this commercial fa- 
cility is depicted in FIG. 2. The plant has 
opted for EB-reforming VPI to maximize 
PX production. A continuous catalytic 
reforming process and a transalkylation 
process are feeding two xylene loops op- 
erated in parallel and comprising a frac- 
tionation section including a xylene col- 
umn and a xylene splitter, an adsorption 
unit and an EB-reforming VPI unit. The 
two xylene splitter bottom streams feed 
an orthoxylene column. The proposed 
LPI process addition includes two units 
(shown in green)—namely, one per each 
xylene loop. 

The added LPI heating duty—and 
marginally increased loop traffic because 
of the slightly higher EB content—are 
more than compensated for by the re- 
duction in: 

e VPI traffic and associated duty 

e VPI effluent fractionation duty 

e The xylene column duty. 


Lower traffic in the VPI process also 
results in significantly lower xylene 
losses. Overall energy credits and mate- 
rial balance credits are summarized in 
TABLE 1. In the base case, prior to adding 
the LPI process, the complex operates 
with EB-reforming VPI only at design 
capacity. When LPI is added, the EB- 
reforming VPI process is set at turn- 
down capacity to maximize the benefits 
of LPI implementation, which sets the 
size and feed processing capacity of the 
LPI unit. At constant PX and orthoxy- 
lene production, the xylene-loop feed 
consumption is cut by ~3%. Another 
way to substantiate this improvement 
would be to increase PX production by 
~3% at constant feed consumption. Fur- 
ther, and still at constant PX production, 
electricity consumption decreases by 6% 
and fuel gas consumption decreases by 
2%. The overall PX production cost is 
reduced by 4% on a $/t basis, and GHG 
emissions are decreased by 11% on a 
1t CO, equivalent/t PX basis. It is worth 
pointing out that, in an existing facility 
such as in Case Study 1, the low capital 


expenditure investment for the LPI ad- 
dition can be further reduced by revamp- 
ing onsite equipment, such as converting 
a clay treater into an LPI reactor or by re- 
using the previous heat exchanger and/ 
or feed heater, if available. Another im- 
portant fact is that, at constant PX pro- 
duction, the benefits (such as reduced 
energy consumption in the reformer and 
reduced reformate splitter duty) extend 
well beyond the xylene-loop improve- 
ments listed in TABLE 1. 
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Case Study 2: Process flow scheme 
integrating an EB-reforming VPI pro- 
cess and LPI process in the design 
of a grassroots aromatics complex. 
The flow scheme of this planned facil- 
ity is depicted in FIG. 3. One of the main 
objectives for the proposed plant was to 
minimize benzene production—there- 
fore, EB-reforming VPI was suggested to 
maximize PX. Reformate and transalkyl- 
ate feed a single xylene loop comprising 
a xylene column, an adsorption unit and 


TABLE 1. Feed consumption and energy consumption reduction achieved by the 


addition of two LPI units in an existing facility operating two xylene loops in parallel 


Case Study 1 EB-reforming VPI only EB-reforming VPI + LPI 
Xylene loop feed consumption Base 97% 
(reformate, transalkylate) 

PX production Base 100% 
Orthoxylene production Base 100% 
Electricity consumption Base 94% 

Fuel gas consumption Base 98% 

PX production cost, $/t Base 96% 

GHG emissions, 1 t CO, equivalent/t PX Base 89% 
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FIG. 3. Integration of an LPI unit in the design of a planned facility with a xylene loop operating 


an EB-reforming VPI unit. 


TABLE 2. Feed and energy consumption reduction achieved by the integration of 


an LPI unit in a grassroots complex operating an EB-reforming VPI in a xylene loop 


Case Study 2 EB-reforming VPI only EB-reforming VPI + LPI 
Xylene loop feed consumption Base 96% 
(reformate, transalkylate) 

PX production Base 100% 
Electricity consumption Base 86% 

Fuel gas consumption Base 90% 

PX production cost, $/t Base 96% 

GHG emissions, 1 t CO, equivalent/t PX Base 68% 


an EB-reforming VPI unit. The proposed 
LPI process addition includes a single 
unit (shown in green) operating in paral- 
lel with the EB-reforming VPI unit. 
Overall energy credits and mate- 
rial balance credits are summarized in 
TABLE 2. Energy credits are substantially 
higher in Case Study 2 (LPI process in- 
tegration in a grassroots complex) vs. 
Case Study 1 (LPI process addition to an 
existing complex). In Case Study 1, the 
base case heat integration scheme is op- 
timized, while heat integration optimiza- 
tion is limited following the addition of 
LPI because the constraints associated 
with existing units cannot be changed. 
In Case Study 2, both the base case 
and the case integrating the LPI pro- 
cess have their equipment size and heat 
integration scheme optimized—hence, 
the higher energy credits for the flow 
scheme including LPI. Feed consump- 
tion credits are similar for Case Study 1 
and Case Study 2, and they correspond 
to the expected feed savings associated 
with the addition of an LPI unit. As 
pointed out in Case Study 1, feed con- 
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sumption reduction benefits could also 
be represented in terms of a production 
increase at constant feed consumption. 
However, in an evaluation at constant 
PX production, feed consumption is cut 
by 4%, while electricity consumption de- 
creases by 14% and fuel gas consumption 
decreases by 10%. The overall PX pro- 
duction cost is reduced by 4% on a $/t 
basis—an outcome like Case Study 1, 
despite slightly higher feed savings and 
significantly higher utilities savings. This 
is because Case Study 2 was realized in a 
region of the world where feed and en- 
ergy costs are substantially lower than in 
the location of Case Study 1. Conversely, 
GHG emissions were reduced by more 
than 30% on a 1 t CO, equivalent/t PX 
basis, owing to a very energy-efficient 
design, along with substantial reductions 
in both high-pressure and medium-pres- 
sure steam consumption, which are not 
reported in TABLE 2. 

Since Case Study 2 was evaluating 
a grassroots facility, a third case was as- 
sessed, combining EB-dealkylation VPI 
with LPI. As expected, feed consump- 


tion at constant PX production increases 
proportionally to EB content in the fresh 
C, aromatics feed, since EB is converted 
to benzene instead of to PX in sucha sce- 
nario. Consequently, of all the possible 
options, the scheme integrating EB-re- 
forming VPI and LPI processes offers the 
lowest PX production cost and the low- 
est GHG emissions/t of PX produced. 


Benzene or PX? Benzene and PX 
prices have been close in recent years, 
to the point where converting EB to 
benzene rather than to PX constituted 
no economic hurdle for most aromatics 
facilities. This situation could change, 
however, due to a wave of planned steam 
cracking facilities—a wave unprecedent- 
ed by both the number and size of these 
projects, which includes plants in China, 
Korea and on the U.S. Gulf Coast.*”* 
Even if pygas benzene production de- 
pends on steam cracker feed (i.e., ethane 
crackers will produce considerably less 
pygas than naphtha crackers), benzene is 
still expected to be widely abundant be- 
cause of the number and size of naphtha 
cracking facilities. Furthermore, reform- 
ers shifting to aromatics mode because 
of the decreasing gasoline demand are 
expected to process more benzene pre- 
cursors, thus delivering more benzene 
to the market. While benzene becomes 
increasingly available, the future of some 
benzene derivatives is presently being re- 
evaluated. For example, a potential ban 
on polystyrene is under consideration in 
multiple locations in the U.S.™° Simul- 
taneously, Europe is assessing more re- 
strictive regulations impacting bisphenol 
A," which may also include future bans. 
In a world combining increased benzene 
availability and potentially lower interest 
in benzene derivatives, converting EB to 
xylene rather than to benzene—using a 
combination of EB-reforming VPI and 
LPI processes—would represent an en- 
vironmentally friendly and cost-compet- 
itive solution for aromatics complexes. 


EB-reforming VPI process com- 
bined with the LPI process: Addi- 
tional considerations. The following 
are additional items for consideration: 
e No PX recovery limitation 

for existing complexes when 

adding the LPI process: 

The addition of a technology 

(such as LPI) that is low cost, 


and with high energy savings 

and reduced GHG emissions, 

is often very attractive to PX 
producers who are endeavoring 
to minimize their costs and 
reduce their environmental 
footprints. However, there are 
occasional concerns associated 
with increased EB traffic in the 
xylene loop and potentially 
associated capacity reduction 

for the PX adsorption process. 
Experience shows that complexes 
using the latest molecular sieve 
technologies have more PX 
recovery capacity than they can 
utilize, and that PX capacity 

limit is a non-issue when adding 
an LPI unit. The slight increase 

in EB traffic does not affect the 
overall PX production capacity, 
even with the oldest adsorption 
processes now in operation. 

LPI effluent circulation around 
the recovery unit and associated 
additional savings: When an LPI 
unit is added to an existing xylene 
loop, part of the LPI effluent can 
be routed directly to the inlet of 
the PX separation unit (bypassing 
the xylene column and generating 
additional energy credits), so 
long as feed specifications to the 
separation process are met. 
EB-dealkylation VPI process 
retrofit with an EB-reforming 
VPI process: Since EB- 
dealkylation VPI processes operate 
at a substantially higher weight 
hourly space velocity (WHSV) 
than EB-reforming VPI processes, 
it is unusual to retrofit the former 
process into an EB-reforming 
VPI unit. While other process 
parameters (such as temperature 
and pressure) would generally 

be compatible, loading an EB- 
dealkylation VPI reactor with an 
EB-reforming VPI catalyst would 
decrease the overall isomerization 
capacity of the xylene loop under 
consideration. This is because 
there would not be enough room 
in the EB-dealkylation VPI reactor 
to fit the required EB-reforming 
VPI catalyst quantity. However, 

if such a retrofit is carried out in 
conjunction with the addition 

of an LPI process, then the 


xylene loop can be shifted from 
converting EB to benzene to 
converting EB to xylene (and, 
further, to PX) without incurring 
feed processing capacity loss and 
with substantial energy credits 
gain. Similarly, VPI units that were 
initially designed to operate an 
EB-reforming process and that 
were later debottlenecked via 
conversion to EB dealkylation, 
can be converted back to EB 
reforming at no feed processing 
capacity loss with the addition of 
an LPI process to the xylene loop. 


Xylene loop for the lowest PX pro- 
duction cost and the lowest GHG 
emissions. Since feedstock price is by 
far the most important operating cost 
parameter in aromatics complex eco- 
nomics,” EB-reforming VPI—which 
converts EB to PX—offers significant 
advantages to sites predominantly target- 
ing PX product. Adding an LPI process 
further decreases feed consumption by 
reducing product losses, while substan- 
tially reducing energy consumption and 
associated GHG emissions. For petro- 
chemical facilities maximizing PX out- 
put, a xylene loop combining two specif- 
ic petrochemical processes*” is the most 
efficient and environmentally friendly 
solution for PX production. FP 


NOTES 


* Axens’ Oparis® process 
? ExxonMobil’s Liquid Phase Isomerization process 
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Investigations of high pressure drop 


observed in ASU columns 


The measured pressure drop of columns in air separa- 
tion units (ASUs) is often reported as being higher than the 
predicted pressure drop. Particularly for high-pressure (HP) 
columns, the difference can be up to four times higher, de- 
pending on the operating pressure of the column. To inves- 
tigate the difference, the operation data of recently revamped 
HP columns were collected; then, vapor and liquid loads as 
well as their physical properties were generated using a pro- 
cess simulation tool. Thereafter, a proprietary hydraulic rating 
tool* was utilized to predict the dynamic pressure drop caused 
by the column internals. The use of the differential pressure 
transmitter and its connecting piping inside the cold box was 
also scrutinized. It was deduced from calculations that the 
average temperature of gas in the differential pressure trans- 
mitter (PDT) piping located inside the cold box was more 
than four times higher than the temperature of gas inside the 
column. The resultant different gas static head at the two lo- 
cations leads to the deviation between the measured and the 
predicted pressure drop. 

Since the 1980s, structured packings have progressively re- 
placed trays, first beginning with the crude argon (CAR) col- 
umn and low-pressure (LP) columns. Around 2011, in China, 
structured packings eventually became a default option for 
HP columns. 

It was determined that the pressure drop of columns in the 
ASUs was higher than what was predicted by the hydraulic 
rating tool’. The extent of the reported deviations was incon- 
sistent—the typical difference was ~20%, which was initially 
believed to be within the accurate parameters of pressure drop 
correlations. When the packings-equipped HP columns be- 
gan to operate nationwide, the observed deviation jumped. 
For a 550-kPa HP column, the measured pressure drop was 
three times higher, and for an HP column operated at 900 kPa, 
the measured pressure drop was four times higher. 

Pressure drop ina column is caused by two factors: dynam- 
ic pressure drop and static pressure drop (commonly called 
gas static head). Dynamic pressure drop is the resistance of 
column internals, such as packings, to gas flow.’” The pressure 
drop decreases with declining gas throughput, and reaches zero 
if gas flow stops. For a packed column, the dynamic pressure 
drop is closely linked to packings capacity—e.g., for a propri- 
etary structured packing series”, 5.5 mbar/m and 12 mbar/m 


correspond to 90% and 100% capacity, respectively. There- 
fore, the dynamic pressure drop measured from a plant is typi- 
cally used to monitor packings hydraulic performance. In con- 
trast, the static pressure drop is caused by the pressure exerted 
by gas weight over a certain height. 

The gas density in ASU columns can reach 40 kg/m‘, de- 
pending on the operating pressure of the columns, and struc- 
tured packings generate much less dynamic pressure drop 
than trays. Therefore, the gas static head can contribute a 
significant portion to the total pressure drop for ASU packed 
columns. The proprietary hydraulic rating tool only calculates 
dynamic pressure drop, so the gas static head must be manu- 
ally added to the dynamic one to obtain the total pressure 
drop of a column. However, the measured pressure drop in 
ASU plants matches neither the proprietary hydraulic rating 
tool’s* predicted dynamic pressure drop nor the total manually 
calculated pressure drop. Rather, it lies between. 

Although the deviation does not cause any practical chal- 
lenges to column design and operation, a joint investigation 
between the authors’ companies began in early 2020 with the 
objective of benefitting the ASU industry. 


Data collection and analysis. Among the various columns 
in an ASU, the HP column is the best option for investigation: 
the simplest HP column consists of only one feed (e.g., the 
compressed air feed) and two products (i.e., liquid nitrogen at 
the top and oxygen-enriched liquid at the bottom). The high 
pressure drop observed in HP columns will not be masked by 
the inaccuracy of any pressure drop correlations. 

In the last 2 yr, the authors’ companies have successfully re- 
vamped HP columns from tray to structured packings, and the 
details of the first project were published elsewhere.’ 

The operation data of two identical revamped HP columns 
in a plant were collected in June 2021. The vapor and liquid 
loads and their physical properties were generated using a pro- 
cess simulation tool, and then the dynamic pressure drop of 
packings was calculated using the proprietary hydraulic rating 
tool’. The gas static head inside the HP column was calculated 
manually using Eq. 1: 


AP static pressure drop in HP = Pg x 8 x h (1) 
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FIG. 1. Pressure drop of the top bed against F-factor. 


FIG. 2. PDT taps and piping connected to the HP column in the 
cold box (other equipment is omitted for clarity). Note: the dotted 
lines indicate the contour of the cold box. 


where, 
pz is the average gas density in the HP column, 
gis the gravitational acceleration and h refers to 
the total vertical distance between the pressure taps. 

The relevant data are listed in TABLE 1. The measured pres- 
sured drop is about three times the dynamic pressure drop pre- 
dicted by the hydraulic rating tool for both units. It can also 
be seen that the gas static head contributes to > 70% of the to- 
tal pressure drop in the column, as the gas density is between 
22.7 kg/m? and 22.4 kg/m? in the 14-m tall columns. 

The HP columns investigated consist of two beds, and FIG. 1 
illustrates three different types of pressure drop for the top bed 
against F-factor, which can be calculated according to Eq. 2: 


F-factor = (V/A) x vp. (2) 
where, 
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TABLE 1. Pressure drop for the HP columns at the same load 


Unit 1 Unit 2 
Predicted dynamic pressure drop, kPa 1.111 1.111 
Predicted gas static head in HP, kPa 2.852 2.852 
Total pressure drop, kPa 3.963 3.963 
Measured pressure drop by PDT, kPa 2.96 3.16 


V stands for volumetric flowrate of gas (m*/sec), 

A for the tower cross-sectional area (m?) and 

P; for gas density (kg/m°). 

The change in gas density is < 1% when the operating pres- 
sure of the HP column varies between 545 kPa and 551 kPa (the 
result of change in throughput). Therefore, it is reasonable to 
assume that the gas density and the subsequent static pressure 
drop do not vary with the F-factor, as shown in FIG. 1. 

Using two pressure transmitters, the pressure drop in a col- 
umn can be measured by subtracting the top pressure from the 
bottom one. The advantage of this arrangement is its simplic- 
ity, as the two transmitters (top and bottom) do not need to 
be connected by a vertical line. However, a disadvantage can 
be inaccuracy. In this instance, the typical error of 0.1% on the 
pressure measurement for a column operating at 550 kPa is 
expected to be +/— 0.55 kPa for both the top and the bottom 
measurements. Therefore, the pressure drop difference will 
have an error of +/— 1.1 kPa. A measurement of 3.0 kPa (as 
shown in TABLE 1) with an error of +/— 1.1 kPa is useless. This 
method is inadequate, and not recommended in this case.* A 
differential pressure method is preferred. 

A proprietary transmitter model‘ was used in the plant. It 
is known that, in general, a PDT reading does not indicate the 
gas static head in a column, as the gas static head in the PDT 
connecting piping would offset the one in the column. How- 
ever, in some situations, corrections must be made when the 
PDT reading has to be rigorously interpreted. For instance, in 
many applications, inert gas such as nitrogen (N,) is used to 
purge the piping to prevent condensation of process gas due 
to lower temperature outside the column. The detailed cor- 
rection method can be found in literature.! 

Since the pressure drop measured by the PDT in the ASU 
was much higher than the predicted dynamic one, corrections 
were conducted to verify whether the deviation can be ex- 
plained. A particularity of cryogenic distillation (as found in 
an ASU) is that the temperature of the piping connecting to 
the PDT is higher than the temperature inside columns, thus 
no inert gas needs to be injected into the piping. Instead, pro- 
cess gas enters the pressure piping directly. 

To evaluate the impact of the gas static head on the PDT 
reading, the space arrangement of PDT piping connected to 
the HP column in the cold box was retrieved from installa- 
tion drawings. The piping in Unit 1 is shown in FIG. 2 and 
simplified in FIG. 3. The representative piping with numerous 
bends counters thermal expansion and contraction in a range 
of more than 200°C (392°F) between normal operations and 
startups/shutdowns. The transmitter is on the lower platform 
for ease of access (h1 at 10,465 mm and h2 at 2,400 mm). On 
the day when the operation data were recorded, the ambient 
temperature was 27°C (81°F). It should be noted that that the 
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TABLE 2. Static gas head at different temperature of PDT piping 


Assumed T in PDT connecting piping, °C -80 -60 -40 -20 0 20 30 
Gas density of N, in the piping at 555 kPa, kg/m* 9.81 8.85 8.07 7.41 6.86 6.38 6.17 
Static head in PDT connecting piping, kPa 1.24 1.12 1.02 0.94 0.87 0.81 0.78 
Predicted PDT value, kPa 2.72 2.85 2.95 3.03 Sil 3.16 3.18 
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FIG. 3. The simplified HP column and PDT piping. 
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FIG. 4. Pressure drop of the HP column against the temperature of 
PDT piping at a capacity of 20 KNm?/hr. 


detailed pressure piping design may vary among licensors. 
Unfortunately, like in many other plants, the PDT piping 
local temperature was not available despite the fact that the 
temperature of the cold box foundation is closely monitored. 
A different approach was taken in corrections: match back the 
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temperature of the piping based on the measured pressure drop. 

A large temperature gradient between the column and the 
wall of the cold box was expected, as the temperature inside the 
HP column was close to -180°C (-292°F), in contrast with the 
27°C (81°F) ambient temperature. By varying the temperature, 
the gas density of a pure N, at 5.51 bar was calculated and is 
tabulated in TABLE 2. As shown, the gas density changes with 
temperature, and its values in the temperature range investigat- 
ed are at least two times smaller than the gas density in the HP 
column. Similarly, the density of the O,-enriched gas is also cal- 
culated at the corresponding temperature. The static pressure 
drop in the piping is calculated based on Eq. 3: 


AP =p XgXhl +p XxgXh2 (3) 


static pressure drop in the tubing 


where, 
Pz, and p, refer to gas density in the upper and lower piping, 
respectively. Then, the predicted pressure drop by the 
PDT is obtained by correcting the dynamic pressure 


drop (Eq. 4): 
PDT = AP sacking dynamic pressure drop + ADP aiie pressure drop in HP column 
AP static pressure drop in the piping (4) 


When the piping temperature is assumed as -40°C (-40°F) 
and 20°C (68°F) for Units 1 and 2, respectively, the calculated 
PDT values match the site PDT readings at a unit capacity of 
20 kNm?/hr. 

It is worth mentioning that in the two identical units, the 
main equipment and their space arrangements are exactly the 
same, but the space arrangements of instrument piping are not. 

FIG. 4 exemplifies the impact of the temperature of PDT 
piping on different types of pressure drop. It can be seen that 
the predicted PDT reading rises with increasing temperature 
in the PDT piping, and the slope is steep at lower tempera- 
tures. It is also apparent that the piping for Unit 2 is closer to 
the wall of the cold box. The calculations at other loads de- 
duced the same temperature for each unit, confirming the 
plant data acquired are consistent and of quality. 

Assuming a uniform piping temperature in the calculations 
above is correct for qualitative analysis. However, consider- 
ing the isometric of the pressure piping in the cold box and 
its variations in different projects, precise quantification of 
the gas static head in the piping requires temperature gradient 
along the piping. 

In addition to the variation associated with the temperature 
gradient along the piping, the location of the transmitter out- 
side the cold box—which is also project dependent—affects 
the gas static head in the piping to a small extent. Specifically, 
in the case investigated here, the gas in the upper piping is near- 
ly pure N, with trace of oxygen (O,) and argon (Ar), and the 
gas in the lower piping consists of 37.8% O, and 1.6% Ar. As 
the gas density is a function of its composition, if the location 
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of the transmitter changes, then the gas static head in the pip- 
ing would also change, according to Eq. 3. 


Due to a very different temperature in 
its connecting piping, the measured 


pressure drop by a PDT in an ASU cannot 


be used to judge packing hydraulics 
permanence directly. 


Inferences. Despite being a theoretical exercise, the calcula- 
tions in this paper are adequate to conclude that the deviation 
between the predicted dynamic pressure drop and the PDT 
reading is caused by the difference between the gas density in 
the HP column and the gas density in the pressure piping due 
to the great temperature difference. The larger the difference in 
gas density, the greater the deviation. 

This can also explain why only a 10%-30% deviation has 
been observed with the LP and CAR columns. First, the gas 
density difference is still the primary reason for the deviation. 
Due to much lower operating pressure, the gas density in the 
LP and CAR columns are in the range of 5 kg/m*-8 kg/m’; 
therefore, the gas static head becomes a smaller portion of the 
total pressure drop (the curves of static and total pressure drop 
would shift downwards in FIG. 1 in such a case). Using gaseous 
N,, FIG. 5 illustrates the impact of column operating pressure 
on the gas density at different temperatures. 


Takeaway. Due to the temperature gradient along the piping 
of the differential pressure transmitter and its varying position 
in the cold box, it would be challenging—if not impossible— 
to deduce from a PDT reading either the dynamic pressure 
drop of packings or the total pressure drop of a column. Hence, 
unlike in other applications, PDT readings in an ASU cannot 
be used to judge how far the columns are from flooding, nor 
can they provide any input to process simulation and upstream 
equipment sizing, significantly limiting typical uses. To obtain 
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FIG. 5. Density of gaseous N, at different temperature and pressure. 
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the correct pressure drop for ASU columns, zero calibration‘ 
can be considered based on gas density. However, this requires 
the gas temperature in the pressure piping. 

To investigate the difference between the PDT read- 
ing and the predicted pressure drop, the operation data 
of HP columns in the ASU were collected and processed. 
It was determined the deviation is caused by significant 
temperature difference between the HP column and the 
differential pressure transmitter piping. The PDT read- 
ing corresponds neither to the dynamic pressure drop of 
packings nor the total pressure drop of the column. FP 
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Advanced cleaner technology: 
Leveraging tailored solutions for reliability goals 


Operators at refineries, petrochemical plants and power gen- 
eration companies are under constant pressure to reduce main- 
tenance and operational costs, boost productivity, minimize risk 
of unplanned outages and maximize time between overhaul pe- 
riods. As a result, many oils used in commercial settings are en- 
gineered to provide extended performance in severe conditions, 
with the goal of keeping critical assets online. However, non-oil 
related events (e.g,, localized hot spots) can still lead to signifi- 
cant problems associated with oil oxidation, which impedes 
overall oil performance, protection and reliability. 

In response, advanced oil-soluble cleaner technology has 
emerged as a promising solution to address these issues and 
to provide operators with peace of mind when it comes to reli- 
ability. However, taking advantage of this technology is not as 
simple as applying an oil-soluble cleaner product every time 
there seems to be an equipment issue. Operators should be in- 
formed about the full potential of the technology itself, and how 
it should be leveraged for their unique operational goals. 


Leveraging advanced cleaner technology to improve 
reliability and cut costs. Advanced oil-soluble cleaner tech- 
nology can help address many issues that hinder equipment reli- 
ability, but it is important for operators to understand the differ- 
entiation between the solutions available to them. 

For example, some of the products on the market for issues 
like high bearing temperatures and deposit buildup only of- 
fer temporary fixes, with the potential for additional problems 
down the line, including anything from risk of severe deposit 
buildup and phase separation to accelerated degradation and 
potential incompatibilities that impact foam and demulsibil- 
ity. While most oil-soluble cleaners can help with conversions 
between oil changes and offer some aid in troubleshooting un- 
planned threats to equipment reliability, few are able to accom- 
plish both effectively, while mitigating the risk of future issues 
and even extending the life of the current system oil. 

When it comes to identifying a solution that is both seam- 
less and highly effective for long-term operation, this is where 
a product’s technology becomes effective. For example, the au- 
thor’s company’s proprietary oil-soluble cleaner* stands out from 
other oil-soluble cleaners on the market based on its technology- 
enabled benefits. The oil-soluble cleaner* is based on proprietary 
technology’, which enables it to be a high-performing solution 
designed for power generation and petrochemical equipment. 
For example, the product is engineered to be compatible with 


most API Group 1-4 lubricants and hydraulic oils, so it has no 
adverse impact on in-service oils. Therefore, it can used as a 
leave-in cleaning solution during oil changes and systems facing 
issues like high bearing temperatures and varnish buildup with- 
out requiring those systems to be taken offline. The proprietary 
oil-soluble cleaner can also help with oil life extension, allowing 
operators to have the protection they need to mitigate future is- 
sues with performance. Additionally, it can be used in these sce- 
narios at amuch lower concentration that most competitors, with 
only 3%-5% of total oil volume typically added to these systems. 

Advanced oil-soluble cleaners continue to show proven suc- 
cess in helping companies across various industries avoid opera- 
tional shutdowns, improve oil performance, and prevent future 
and reoccurring issues. However, it is important that operators 
pay close attention to long-term performance to avoid causing 
problems beyond the immediate issue. Technical experts can as- 
sist in implementing an effective condition monitoring program 
to monitor long-term performance. 

The proprietary oil-soluble cleaner has led to cost savings, as 
well as helped avoid potential equipment shutdowns by assist- 
ing in conversions, troubleshooting ongoing issues and extend- 
ing current oil life. For example, a refinery was replacing oils and 
wanted a clean system for the new charge. The author’s com- 
pany’s engineering team and reliable industrial group recom- 
mended a varnish flush with the proprietary oil-soluble cleaner* 
in lieu of a traditional flushing method, which led to savings of 
$104,000 on two turbine fills. In another instance, a company 
in the petrochemicals industry had high-speed cryogenic com- 
pressors with frequent bearing temperature spikes that were 
stabilized within 30 min of the technology being added to the 
system. Another plant was able to extend compressor oil service 
life to 3 yr with the use of the proprietary oil-soluble cleaner to 
mitigate prior varnish issues. 


Preventing downtime in critical moments and planning. 
Sometimes, operators must quickly troubleshoot an issue to 
prevent critical equipment downtime and avoid a major shut- 
down that could cost the company millions of dollars. While a 
rapid fix in these moments is crucial to prevent high costs, it is 
also important for operators to plan and mitigate the need for 
aggressive, short-term solutions down the line—resulting in 
more savings for the operation over time. 

For example, the product solutions used should also extend 
equipment performance and reliability. In addition, operators 
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should rely on technical expertise from their lubricants provider 
to implement the right products and maintenance procedures 
to get ahead of the next critical situation, cutting operational 
costs in the long term. 

In 2021, a refinery requested the author’s company’s assis- 
tance in troubleshooting progressive issues with rising bearing 
and oil temperatures, as well as water contamination on a criti- 
cal air blower after an unexpected oil cooler failure. At the time 
the problem was reported, temperatures had risen to 227°F 
(108.33°C) and were rising approximately 2°F/d. If these bear- 
ing temperatures were not stabilized, the refinery would face 
a potential unplanned shutdown (30 d-60 d outage), which 
would lead to a significant cost and loss of productivity. 

Through a bearing inspection, the author's company’s en- 
gineering team was able to identify the problem causing these 
temperatures—contaminated oil and varnish buildup. Through 
fast action and the team’s recommendations to implement the 
proprietary oil-soluble cleaner-based technology for its varnish 
dissolving properties, the refinery was able to identify the root 
cause of bearing temperature escalation and oil contamination, 
stabilize temperatures to avoid costly refinery shutdown and 
maximize productivity. By avoiding this shutdown, the refinery 
was able to enhance safety, while avoiding costly workforce and 
equipment costs, saving the company nearly $8.3 MM. 

The proprietary oil-soluble cleaner can not only be added 
to systems suffering from reliability problems, but can also be 
deployed proactively to minimize varnish deposits and increase 
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reliability. Its unique chemistry provides a long-term solution 
to deposit formation, even in thermally stressful applications. 


Marrying tailored solutions with technical expertise. As 
the industry continues to evolve with new technologies to max- 
imize efficiency, operators must find tailored solutions that will 
address issues specific to their operation rather than incorpo- 
rating a one-size-fits-all solution. No matter how effective, the 
latest technology innovation is not the answer to all operational 
problems. Partnering with technical experts that will advise on 
the right solution for an operator's unique goals is equally im- 
portant as the most advanced product solution. 

For example, the author’s company’s engineering team and 
its integrated services partners make personalized recommen- 
dations for companies on what actions should be taken to get 
them the best results in the most efficient way. 

Partnering with technical experts can also help operators 
find a solution tailored to their needs, rather than adopt a quick 
blanket fix. For example, while oil-soluble cleaners can be 
somewhat effective for common issues, there are many scenari- 
os where an issue needs a more in-depth cleaning solution, with 
the bonus of extended oil service life. Therefore, implementing 
advanced cleaner technology must be coupled with the right 
technical expertise so operators can be sure they are utilizing 
the best solution for the problem at hand. 

Operators should look for these custom solution plans from 
their lubricants provider, weighing all options and reviewing 
potential outcomes. For example, the proprietary oil-soluble 
cleaner*—like any product or service—is not a one-size-fits-all 
solution but rather a tailored solution for the problem a com- 
pany is facing. These experts should work diligently to properly 
diagnose these issues, finding the best solution for the immedi- 
ate issue at hand, while also aiming for long-term operational 
success. It is also important for a lubricants provider to leverage 
partnerships with system cleaning industry leaders to allow for 
a seamless integration when offering solutions. 

A technical team should also use various tools to formu- 
late the proper diagnosis with solution options. For example, 
the author’s company created a turbine triage process to help 
show customers various maintenance scenarios and where their 
current issues fall. While some companies may take only one 
or two oil analysis tests, the author's company’s engineering 
teams look at oil service hours, equipment application suffering 
points, visual inspection and a comprehensive lube analysis test 
slate to gain the full picture. 

Ultimately, no technology or product can help reduce main- 
tenance, boost productivity or minimize risk. The key to find- 
ing the right solution is to have the technical expertise behind 
it, with a team that works side-by-side with operators to define 
both short-term and long-term goals and find the best ways to 
achieve them. FP 
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Hydroprocessing catalyst selection—Part 2: 
Considerations and best practices for catalyst testing 


Hydroprocessing catalysts are an essential part of the refin- 
ery involved in the treatment/conversion of most petroleum 
fractions, ranging from naphtha to residue. Hydrotreating cat- 
alysts help refiners meet fuel regulations and enhance the per- 
formance of downstream catalysts and processes, [e.g., naph- 
tha reforming or fluid catalytic cracking (FCC) ] by removing 
sulfur (S), nitrogen (N) and metals from their feedstocks, as 
well as improving product properties by hydrogen (H) addi- 
tion. Moreover, hydrocracking catalysts further improve re- 
finers’ profits by converting low-value streams [e.g., vacuum 
gasoil (VGO)] into high-value fuels and chemical feedstocks. 
Therefore, the selection of hydroprocessing catalysts requires 
great care from refiners to ensure maximum asset utilization 
and profitability. 

Part 1 of this article, which appeared in the May issue of 
Hydrocarbon Processing, discussed pitfalls in planning and 
selecting the catalyst evaluation method, and provided best 
practices to guide refiners towards an optimal hydroprocess- 
ing catalyst selection. 

Part 2 discusses critical aspects of a hydroprocessing cata- 
lyst testing program and presents readers with best practices/ 
suggestions to ensure a successful benchmarking campaign. 


Industrial vs. laboratory-scale fixed-bed reactor. While 
refiners conduct a catalyst testing campaign to assist their 
catalyst selection process, experimental aspects remain that 
require great care and consideration to ensure meaningful re- 


sults and minimum biases between catalyst vendors. 

First, the laboratory-scale fixed-bed reactor should effec- 
tively simulate phenomena in the commercial-scale reactor. 
In most hydroprocessing applications, the trickle flow regime 
is predominant. Scientists/engineers have proposed experi- 
mental techniques to minimize the effects of non-ideal flow 
behaviors on the performance of a laboratory-scale reactor.* 
For example, a minimum value of reactor-to-particle diameter 
ratio must be ensured to reduce wall effects. Typically, labora- 
tory-scale fixed-bed reactors have a higher than usual length- 
to-diameter ratio than commercial reactors for good similari- 
ties between two different scales. 

The differences between these two different scales are sum- 
marized in TABLE 2. Even with perfect hydrodynamics, other 
experimental factors can still cause discrepancies between the 
laboratory-scale experiment and the commercial process. In 
the authors’ hydroprocessing experience, the laboratory-scale 
unit’s overall performance was often poorer than the commer- 
cial one. Other critical experimental aspects are discussed here 
to better explain how discrepancies can occur, as well as the 
practical solutions to address them. 


LHSV vs. WHSV. Linear hourly space velocity (LHSV) is a 
widely accepted parameter to connect a laboratory-scale reac- 
tor with a commercial one. LHSV is a ratio between volumetric 
feed flowrate (m*/hr) and reactor volume (m*)—as such, the 
typical unit of LHSV is 1/hr. 


TABLE 2. Differences between industrial and laboratory-scale fixed-bed reactor 


Parameter Industrial-scale reactor Laboratory-scale reactor 
Diameter 1m-6 m 0.2 cm-4 cm 
Length 10 m-50 m 0.5 m-2 m 


Flow distribution 
the catalyst beds evenly 


Requires flow distribution devices to wet 


Using inert material is enough to promote 
good flow distribution and catalyst wetting 


Mode of operation 


Non-isothermal: requires interbed cooling 


Isothermal: no need of interbed cooling, 


or quenching in many cases ideal for kinetic study 


Axial dispersion Negligible Significant in some cases 
Catalyst wetting Very good Generally poorer 

Mass and heat transfer Very good Generally poorer 
Channeling and wall effects Negligible More significant in most cases 
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Despite its popularity, the authors do not fully agree with us- 
ing this parameter to simulate the commercial-scale reactor for 
multiple reasons, especially for scale-down applications (e.g. 
refinery catalyst benchmarking). 

Two primary techniques are available to pack the catalyst 
inside a commercial-scale reactor: sock loading and dense load- 
ing. The catalyst amount for a fixed volume can differ by up to 
20% by employing a different loading technique. In other words, 
the difference in overall activity could be as high as 20%. This 
discrepancy is particularly crucial for catalysts with extrudate 
shapes, while the same effect is less pronounced for spherical 
ones. It is not uncommon to see different catalyst vendors pro- 
pose a different catalyst loading technique for the same reactor. 

Additionally, different catalysts have a unique loading den- 
sity from different designs and materials. 

For these reasons, the authors recommend that every scien- 
tist/engineer adhere to weight hourly space velocity [(WHSV), 
m° of feed/hr/kg of catalyst] to improve the similarity between 
two different scales. Using a specific WHSV for each catalyst 
vendor is the best option. 

Care must be taken which catalyst weight basis is referred to 
when specifying WHSV (e.g., wet or dry). Modern hydrotreat- 
ing catalysts usually contain the organic additive (typically 
organic acid) to promote Type II active sites. Although this 
organic additive decomposes during the catalyst activation, it 
contributes 16 wt%-30 wt% of the fresh catalyst weight, de- 
pending on the level of metal contents. 


H, partial pressure and H,-to-oil ratio. In the authors’ 
experience, typical maximum pressures for laboratory-scale 
units vary between 160 barg and 175 barg. Despite the use 
of pure H, being prevalent in laboratory-scale experiments 
[which also diminishes hydrogen sulfide (H,S) inhibition ef- 
fects], this pressure limitation still impacts the hydrogenation 
level, N slip control and the deactivation rate in high-pressure 
hydrocrackers and residue hydrotreaters (see TABLE 3 for typi- 
cal pressure ranges). 

Additionally, this limit also affects some product proper- 
ties from poorer hydrogenation (e.g., cetane number or smoke 
point). Theoretically, this constraint also impacts the cracking 
activity, but the effect is only marginal. It is uncommon to see 
poorer product qualities from a laboratory-scale experiment 
compared with a commercial unit. 

To compensate for lower H, partial pressure, the H,-to-oil 
ratio can be proportionally increased during the test campaign. 


For example, if the H, partial pressure is off by 10%, the H,- 
to-oil ratio should be increased by the same proportion. Note: 
A higher H,-to-oil ratio cannot fully compensate for lower H, 
partial pressure, but it will surely help. 

For most cases, refiners use their actual H,-to-oil ratio as 
a target for their pilot plant testing campaign. In the authors’ 
experience, recycle gas flows are notoriously incorrect. The ac- 
tual gas molecular weight can significantly differ from the one 
used in the distributed control system (DCS) calculation. This 
flowmeter does not impact the material balance across the unit; 
therefore, it is rarely corrected by the refinery. Moreover, the 
recycle gas sample is seldom taken for units without an amine 
scrubber due to a high H,S level; a cartridge of lead acetate is 
required when taking the sample to lower H,S concentration to 
an acceptable level. To calculate a realistic H,-to-oil ratio, the 
molecular weight difference must be considered (the uncor- 
rected recycle gas flow reading can be off by up to 20%). 


Catalyst loading scheme. Various assumptions have been 
used for the catalyst loading scheme, such as: 

e Replacing the demetallization catalysts with the main 

hydrotreating catalysts 

e Excluding the demetallization catalysts. 

The main argument to support these assumptions is that 
the test campaign is relatively short, therefore demetallization 
catalysts are not needed (e.g., negligible metal deactivation). 
This reasoning might be valid if different main hydrotreating 
catalysts are benchmarked for an R&D program. However, this 
is not the case for the refinery catalyst benchmarking program, 
where the ratio between the demetallization catalysts and the 
main hydrotreating catalysts varies with catalyst vendors. 

The catalyst vendor that proposes more demetallization 
fraction will be given extra activity advantages during the test 
campaign if the refiner adopts the first assumption. On the con- 
trary, the catalyst vendor with less demetallization fraction will 
be less affected by excluding the demetallization catalysts if the 
refiner goes with the second assumption. Some demetallization 
catalysts have fairly high activity. Excluding them from the test 
campaign can distort the results. 

For example, the catalyst loading scheme with more demet- 
allization fraction tends to require a higher degree of reaction 
temperature increment than the one with less demetallization 
fraction, therefore a higher tendency of thermal cracking and 
crossing aromatics saturation equilibrium. 

For these reasons, it is recommended to include both the 


TABLE 3. Typical process conditions of various hydrotreating and hydrocracking processes° 


Application Petroleum fraction Reaction phase LHSV (h) 
Naphtha Vapor 3-8 
Kerosene Vapor/Liquid 2-5 

Hydrotreating Gasoil Vapor/Liquid 1.5-4 

VGO Vapor/Liquid 1-2 

Residue Vapor/Liquid 0.2-0.5 

E VGO Vapor/Liquid 0.5-1.5 
Residue Vapor/Liquid 0.1-0.5 
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H, partial H, consumption 
pressure, bara Temperature,°C H,/oil (Nm?/m*) (Nmž/m5) 

10-20 320 60 2-10 
20-30 330 80 5-15 
25-40 340 140 20-40 
50-90 360 210 50-80 
80-130 370-410 > 525 100-175 
90-200 380-430 1,000-2,000 150-300 
120-210 400-440 1,000-2,000 150-300 


demetallization and main hydrotreating catalysts, where ap- 
plicable, to minimize biases between catalyst loading schemes. 
Effort must be made to achieve a realistic ratio between the 
demetallization and main hydrotreating catalysts. 

Finally, assumptions should be clearly communicated with 
all catalyst vendors about your assumptions. In one instance, 
a major hydrocracking catalyst supplier missed an email about 
the loading scheme assumptions and suffered from an extreme- 
ly high pretreating temperature during the catalyst benchmark- 
ing campaign. That catalyst supplier even sent its R&D expert 
to Germany to investigate the issue only to discover that they 
did not read the email closely enough. 


Feedstock. A catalyst supplier once conducted a pilot plant 
testing campaign for a VGO hydrocracker and included 1% 
condensate residue (fuel oil blending component). This con- 
densate residue contains a high level of asphaltene, but the 
refinery nonetheless tried to convert a small amount of it for 
additional profit. The result is shown in FIG. 4. In this case, the 
reactor inlet is small, and there is no feed filtration system. 

Be careful with the choice of feedstocks during the hydro- 
processing catalyst testing program. A dirty feed can easily plug 
a small flow channel and fail the experiment. In this case, the 
condensate residue merely contributes to product yields, H, 
consumption and product properties. Excluding it from the 
short-term running campaign would be best, considering the 
damage it could create to the laboratory-scale system. A filtra- 
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tion system will help, but is no guaranteed solution for dirty 
feed. For coker oils, maintain positive N, pressure from the 
sample point until the laboratory to prevent subsequent gum 
formations from olefinic compounds. 

In addition to site-specific feedstocks, refiners may further 
save feed shipment costs by asking the independent laborato- 
ry to provide non-specific sulfiding oil for catalyst activation. 
These independent laboratories usually have leftover sulfiding 
oil from their previous campaigns. 

To better reflect the commercial operation, refiners may also 
consider adding dimethyl disulfide (DMDS) to simulate the ef- 
fects of H,S in the recycle gas. Other species, such as quinoline, 
can also be added to the feedstock to adjust feed composition. 


Recycle operation and recycle cutpoint (RCP). Many 
hydrocrackers employ a recycle stream to optimize product 


FIG. 4. Foulants at the reactor inlet during a hydrocracking pilot plant 
testing campaign. 
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yields (FIG. 5, top). The product fractionator separates prod- 
ucts from the unconverted oil (UCO) in the commercial unit, 
then recycles UCO back to the reactor for product yield ad- 
justment. Consequently, UCO gets a second chance to be hy- 
drogenated and converted into products, which usually means 
product quality improvements. 

Unfortunately, most independent laboratories cannot per- 
form a true recycle operation. Instead, a simulated recycle op- 
eration is usually achieved by feeding a UCO sample from the 
actual unit to the pilot-scale reactor and adjusting the single-pass 
conversion across the pilot-scale reactor to match the reality 
(FIG. 5, bottom). 

Although this simulated recycle operation seems fair on the 
surface, as every catalyst vendor is under the same assumption, 
it can still somehow create biases between each catalyst loading 
scheme. For example, the catalyst system with a better hydroge- 
nation function than the incumbent one (where the UCO sample 
is taken from) will experience product quality disadvantages, and 
vice versa for the loading scheme with a poorer hydrogenation 
function (e.g., free aromatics saturation from the existing unit). 

This can also distort the product qualities for different com- 
bined feed ratios (CFRs) and overall conversions to certain 
degrees. CFR is a ratio between the total reactor feed and fresh 
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FIG. 5. A single-stage hydrocracker with recycle, commercial operation 
vs. laboratory. 
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FIG. 6. Cetane number for different overall conversions (and CFRs), 
prediction vs. laboratory. 


38 JUNE 2022 | HydrocarbonProcessing.com 


feed. A higher CFR means more UCO is recycled back to the 
reactor inlet. In reality, the smoke point and cetane number usu- 
ally improve when the overall conversion increases (e.g., from 
better aromatics saturation/ring-opening). Nonetheless, the 
laboratory experiment gave the opposite results for the cetane 
number, as seen in FIG. 6. This discrepancy is from the fact that a 
higher overall conversion operation (98%) has a higher percent- 
age of UCO, and this simulated recycle stream does not have a 
second chance to be hydrogenated/ring-opened, but is already 
converted to products during the first pass. 

Moreover, the RCP between diesel and UCO is higher in 
laboratory-scale experiments, with much sharper fraction- 
ation (e.g., much less overlap between diesel and UCO). In 
many commercial units, the separation between diesel and 
UCO is poor by nature from lower internal reflux at the point 
of separation. Moreover, the maximum heater duty can also 
limit the actual RCP. 

From FIG. 7, VGO and UCO from the refinery contain 
around 10%-16% of diesel (defined as a portion with the boil- 
ing point below 370°C), while UCO from the pilot plant only 
has 4%-5% of diesel. This fact implies that the true conversion 
of a laboratory-scale experiment is lower than that of a commer- 
cial-scale operation. In a sense, hydrocracking catalysts are un- 
der less conversion stress in a laboratory-scale experiment. 
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FIG. 7. UCO and VGO distillation by simulated distillation analysis 
(ASTM D2887), refinery vs. laboratory. 


TABLE 4. An example of product cutpoints from ITB 


Product Boiling range, °C 
Light naphtha C,-90 
Heavy naphtha 90-145 

Kerosene 145-210 

Diesel 210-370 
UCO 370-Endpoint 


In the authors’ experience, these hydrogenation and con- 
version discrepancies are not that serious. Using oil with lower 
aromatic contents might help alleviate hydrogenation gaps [e.g., 
a UCO sample from the start-of-run or gas-to-liquid (GTL) 
liquid with a similar boiling range]. Note: Refiners may con- 
sider tailoring the RCP of the hydrocracking catalyst testing 
campaign to match the operating unit to better reveal the actual 
performances. Nonetheless, a meaningful comparison between 
each catalyst loading scheme is still possible despite all men- 
tioned deviations. 


Product cut point and properties. Refiners usually specify 
product cut points between products as guidelines for inde- 
pendent catalyst testing laboratories (TABLE 4). However, this 
does not mean that these product cut points completely agree 
with other product specifications. For example, the minimum 
specification of cetane number is 60. During the pilot plant 
testing campaign, the cetane number will be different for each 
catalyst vendor despite the same product cut points. To what 
degree is a better question. 

Catalyst vendor A might possess an excellent hydrogena- 
tion function and achieve a cetane number of 62, while cata- 
lyst vendor B can only offer the cetane number of 58 at the 
standard product cut points. 

To better compare each catalyst vendor, adjusting the cut 
point between kerosene/diesel to standardize every catalyst 
vendor is recommended (e.g., target the cetane number of 
60). The catalyst vendor with a cetane number > 60 will gain 
additional diesel from kerosene using this standardization, 
and vice versa. The wider the gap is, the more diesel gain or 
loss will be seen. Note: The minimum cetane number specifi- 
cation varies with refineries and applications. 

A better question is how to standardize the cetane number 
or other product properties (FIG. 8). The most practical solu- 
tion is to input product yields and properties into the process 
simulator, then recut each product to match your product 
specification target. 

Depending on the experiment, this product property stan- 
dardization might or might not change the ranking of each 
catalyst vendor. For example, suppose the catalyst vendor that 
is taking the lead already has the highest diesel yield and cetane 
number with the standard product cut points. In that case, the 
cetane number standardization will not change the ranking. 


Mass balance. Regardless of how proficient the independent 
catalyst testing laboratory is, there will always be mass balance 
errors in the real world. In a laboratory-scale experiment, even 
minor errors can significantly affect the critical parameters (e.g., 
chemical H, consumption). For example, a +/— 2% error is ac- 
ceptable in the commercial-scale plant, but the same error mag- 
nitude could lead to significant errors in elemental balances for 
laboratory-scale experiments. Ideally, all the key elemental bal- 
ances, including carbon, H, S and N, should be close to 100% 
for hydroprocessing applications. 

Liquid flow is based on weight measurement for both feeds 
and products, while gas flow is measured by a flowmeter and 
an online gas chromatography (GC) analyzer. Typically, gas 
flowmeters have lower accuracy and are notorious sources of 
mass balance errors. Additionally, routine activities, including 
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product sampling, sample transfer and product fractionation, 
can also result in light liquid product losses. As such, measured 
product flows tend to be less than feed flows, especially in hy- 
drocracking applications (FIG. 9). To what degree is a more in- 
teresting question. 

Typically, the error magnitude increases with processing se- 
verity (e.g., catalyst acidity or conversion level). For example, a 
naphtha selective hydrocracker makes more light products than 
a diesel selective one, therefore resulting in poorer mass bal- 
ances from more offgas and naphtha. For a commercial catalyst 
benchmarking campaign, these mass balance errors can lead to 
millions of dollars difference in revenue from misleading prod- 
uct yield structure and chemical H, consumption.* 

As illustrated in FIG. 9, the pretreating section alone (high- 
lighted in blue) made minimal light ends and is closer to 
100 wt% mass balance. For this data set, the error magnitude 
is less than 0.5 wt% for all data points (exclude the catalyst 
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FIG. 8. Diesel yield correction by standardizing cetane number from 
58.1 to 60. 
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FIG. 9. Overall mass balance vs. time-on-stream of a hydrocracking 
catalyst benchmarking campaign. 
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TABLE 5. A demonstration of how data reconciliation could 


minimize errors for a 54,000-bpd hydrocracker 


AChemical H, consumption, 


raw-reconciled 80% conversion 98% conversion 


wt% 0.12 0.14 
Tod 9.5 11.2 
$ MM/cycle 17 20.1 


line-out period). Conversely, the hydrocracking section (high- 
lighted in orange) further increased light ends yield and mass 
balance errors, up to 2.3 wt%. 

As a best practice, the authors recommend including a scal- 
ing factor into mass balance equations to improve the mass 
balance of every element. Note: The mass balance equations 
shown below are for demonstration purposes only and are 
specifically for hydrocracking applications. It is assumed that 
100% sulfur and N in the feedstock are converted into H,S 
and ammonia (NH,), respectively, to simplify the mass bal- 
ance equations. 

The overall mass balance equation is shown in Eq. 1: 


Feed F F hemicat hydrogen = K scaling x (E asmia F Figuipotiä) + 


Fis + Fyn, (1) 
The H mass balance equation is shown in Eq. 2: 
E emical hydrogen = Keating x (Career product X 
F s produt a Cis drogenjiquid product x P niinn + (2) 
[(2 x AM; )/(MWy,5)] x Fist 


[B x AMn )/(MWyn, )] x Fyn, = C hydrogen feed x Fig 
The carbon mass balance equation is shown in Eq. 3: 


Ccsrbanijeed x Fed = Kiring x (Cotone modis x F se prodiic F 
carbon,liquid product x Figuid product (3) 


Based on the authors’ experience, it is impossible to achieve 
100% mass balance for every species. Focusing on the H and 
overall mass balance (e.g., target 100%) for hydroprocessing 
applications is recommended, as these two mass balances will 
directly impact chemical H, consumption and product yields 
(TABLE 5). As such, the carbon mass balance will be a resultant. 
In most cases encountered by the authors, the carbon balance 
nonetheless improved, although it was not perfect. 

Where applicable, use multiple data sets of elemental com- 
position (either by EA or NMR) to ensure consistent final rank- 
ing results. As a precaution, this data correction practice should 
be carefully performed to avoid any misleading results from the 
data correction itself; performing this when the raw mass bal- 
ance errors exceed 2.0 wt% is not recommended. 


Takeaways. Although the economic direction is clear— 
e.g., maximize middle distillate from a hydrocracker—multiple 
price sets should always be used to rank hydroprocessing cata- 
lysts. This sensitivity analysis ensures the robustness of the final 
ranking against market fluctuations. 

While key ideas presented here are based on hydroprocess- 
ing applications, they can be modified/tailored to match other 
catalyst applications, as well (e.g., elemental balance and data 
correction technique). HP 
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NOMENCLATURE 


kecaing scaling factor: > 1.00 in case of product loss or < 1.00 in case of product gain 

Fhemical hydrogen: Mass flowrate of H, consumed by chemical reactions or chemical 
H, consumption 

Fas product Mass flowrate of the gas product 

Friquid product! mass flowrate of the liquid product 

Fie: mass flowrate of the liquid feed 

Frs: mass flowrate of H,S, calculated based on the feed flowrate assuming 
100% sulfur removal 

Fyy3: mass flowrate of ammonia, calculated based on the feed flowrate 
assuming 100% N removal 

Chydrogen, gas product? H content of the gas product 

Chydrogen liquid product? H content of the liquid product 

Ciydrogen, feed: H content of the liquid feed 

Carbon, gas product: carbon content of the gas product 

Carbon, liquid product: Carbon content of the liquid product 

Carbon, feed: carbon content of the liquid feed 

MWins: molecular weight of H,S, 34.08 g/mol 

MWyuzs: molecular weight of NH, 17.03 g/mol 

AMu: atomic mass of H, 1.01 g/mol 
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Overcome inflation and supply chain issues 


in construction 


Inflation and supply chain disruptions 
are not new to the construction industry, 
but the severe combination ofthese factors 
and the rapid pace of change driven by the 
COVID-19 pandemic are unprecedented. 
This disruptive change in essential factors 
affecting construction company perfor- 
mance and sustainability requires compa- 
nies to make quick adjustments to project 
execution. While these and other chal- 
lenging issues have been spiking quickly 
due to COVID, the problem is not short 
term and will require focused corrective 
efforts for the near future. 

The major contributors to the latest 
construction industry woes are material 
shortages and spiking prices when materi- 
als can be found. These challenges are fur- 
ther compounded by a tougher labor mar- 
ket. Many domestic mills and fabrication 
facilities were forced to shut down when 
the pandemic hit. When production fa- 
cilities were allowed to reopen, they faced 
issues in receiving their raw materials, es- 
tablishing sufficient labor and securing 
reliable shipping. All of this led to mate- 
rial availability issues and higher material 
costs. Foreign manufactured products and 
materials also faced production and ship- 
ping shutdowns during the pandemic, and 
this further exacerbated an already grave 
situation regarding supply shortages. 

The combination of spiking commod- 
ity prices, supply interruptions and tight la- 
bor markets—mainly from the pandemic 


—has been fueling market uncertainty 
and inflation. In some cases, the escalat- 
ing cost of equipment, materials and labor 
are making projects financially unviable. 
In other cases, projects are being post- 
poned. Projects that were already under 
execution when the pandemic hit were im- 
pacted both financially and schedule-wise. 
Future viable projects will be impacted 
by increased project demands spurred by 
low interest rates causing price pressures 
and supply shortages. Solving the problem 
is not a matter of just raising prices, since 
construction companies must still be com- 
petitive to win much-needed work. Con- 
tractors and owners must take steps to deal 
with the situation as best they can by ad- 
dressing those factors within their means. 
Suggested steps are discussed in this article. 
More than anything, the current situ- 
ation driven by the pandemic should not 
be looked at as a once-and-done scenario. 
History has shown that supply shortages 
and increasing inflation can be sporadic 
events. While experience has demonstrat- 
ed that the price spikes eventually sub- 
sided (in nearly all cases), contractors that 
were unable to pass on the price increases 
for an extended period were harmed. 
Contractors should be equipped with 
the knowledge and structure to fight 
through the inflation situations when 
they occur. An example is to reexamine 
the terms and conditions of contracts, es- 
pecially if they are based on fixed or lump 


sum pricing and/or completion deadlines. 
It is a good idea to review sourcing and pro- 
curement strategies for materials and hir- 
ing plans to expand the resource pool. Les- 
sons learned from the current pandemic 
situation are a perfect knowledge platform 
for situations that may occur in the future. 

Communication between owners and 
contractors is key during times of infla- 
tionary material costs. Owners should 
expect different pricing and may want 
to consider design variations, cost shar- 
ing and time flexibility. Contractors must 
closely monitor costs and delivery sched- 
ules for materials and communicate this 
information to the owner both during the 
bid stage and throughout construction. In 
the end, price spikes do eventually reverse 
course—when this happens, both the 
owner and contractor benefit. Along the 
way, staying aligned will promote a coop- 
erative working relationship, avoid dissen- 
sion and lead to a successful project, even 
during challenging times. 


Commodity prices and availability. 
Media has been rife with references to 
inflation on a global basis caused by sup- 
ply-demand imbalances and easy mon- 
etary policies. 

The Associated General Contractors 
of America(AGC) published an alert in 
April 2022 regarding how inflation is im- 
pacting the construction industry.’ The 
trends presented here apply to non-resi- 
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dential construction. Additional details 
can be found in literature! and Bureau of 
Labor Statistics. FIG. 1 shows that while 
the material costs went up by 21% in the 
12 mos prior to February 2022, bid prices 
increased only 17% during the same peri- 
od. This illustrates the contractor's ability 
to pass on some price increases to owners. 

As a result, contractors have to look for 
creative solutions to deal with this issue. 
Based on prior experience, this issue will 
not be transitory and is likely to persist for 
several years until equilibrium returns to 
the marketplace. 


Project development. Project develop- 
ment usually requires a detailed financial 
analysis to obtain approval for invest- 
ment. This entails a discounted cash flow 
analysis, which requires an estimation of 
revenue, capital and operating costs and 
risk. If a project has an internal rate of re- 
turn (IRR) that is higher than the cost of 
capital—accounting for risk—the project 
will be approved. 

Every component of future revenue 
and costs contains uncertainty; future rev- 
enue depends on volumes and price; op- 
erating costs depend on unit consumption 
and unit costs of raw materials, utilities 
and labor; and capital costs depend on the 
cost of engineering, procurement of major 
equipment and the cost of construction. 
While operating costs can be accurately 
estimated with modern process simula- 
tion software, capital costs are much more 
difficult to estimate precisely due to the 
variability of labor and materials. As a 
result, many owners and their engineers 
carry a contingency in their capital cost es- 
timation to cover unexpected costs. 


For large projects like the cracking 
furnace shown in FIG. 2, construction can 
be ~30% of the total installed cost. If the 
capital cost increases, the expected returns 
from a project can jeopardize the econom- 
ic viability of a project. Over a period, if 
enough projects are not approved, the 
aggregate demand for construction mate- 
rials and labor will decline. This will help 
moderate pricing, and eventually prices 
will come down. 

However, in the short term, creative so- 
lutions are needed to deal with uncertain- 
ty. It must be noted that all the projects 
that were once put on hold or postponed 
may emerge again in the future and will 
end up creating a supply-demand issue. 
It is prudent to continue seamless com- 
munication with the owners (or potential 
owners) during this postponement period 
impacted by the pandemic. The same ap- 
plies with the current or potential suppli- 
ers of materials used in construction. Lead 
times for equipment and a large range of 
construction materials have grown expo- 
nentially due to the current situation. 


Coping with uncertainty. While risk 
and uncertainty cannot be eliminated, 
ways to manage risk are discussed be- 
low. All projects have a certain degree of 
risks in executing—it is always prudent 
to identify risks and make attempts to 
mitigate the identified risks. A risk reg- 
ister should be maintained in agreement 
with the customer, and if needed, with 
customer inputs incorporated. These 
registers would address any uncertain- 
ties, such as pricing, the management of 
change (MoC) process and its impact on 
the project, and safety aspects.” 


Change in prices for inputs to new nonresidential construction 


Year-over-year change in PPls, Sept. 2020-Feb. 2022, not seasonally adjusted 
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FIG. 1. Change to construction inputs and bid prices, September 2020-February 2022. 
Source: Associated General Contractors of America and Bureau of Labor Statistics. 


Schedule flexibility. The ongoing CO- 
VID pandemic over the last 2 yr has made 
the world a more uncertain, volatile and a 
complex place to continue business. Con- 
tractors should explore opportunities to 
continuously evolve to support business, 
such as exploring flexibility in the project 
schedule if it allows mitigating risks, es- 
pecially escalating costs. Allowing reason- 
able time during the beginning phase of 
a project (e.g, in the engineering phase) 
facilitates more value creation or addition 
in the front end. This may result in a reduc- 
tion in bill of materials or promote alterna- 
tive materials to reduce costs, gain process 
efficiencies, reduce eventual operating 
costs, encourage creative automation, etc. 
Possibilities to reduce overall costs can be 
found, especially if timing is not a critical 
factor due to current business conditions. 
An overall review of the project schedule 
makes complete sense to optimize cost 
factors. If possible, tweaks in a project 
schedule should be made to accommodate 
design reviews to reduce project cost, ac- 
commodate expected lead-time issues, and 
synchronize/minimize staffing and work- 
force deployment in different phases of a 
project, especially in construction. 

Open book with customer. Transpar- 
ency shown by the contractor leads to a 
more confident and trusting owner, and 
thereby results in a closer working rela- 
tionship. Disclosing a certain level of in- 
formation—with a non-disclosure agree- 
ment in place, if required—helps gain an 
owner's trust. At the same time, assisting 
the owner to ensure the degree of change 
management also helps. Depending on 
the project phase and execution model 
adopted, change orders can be expected in 
real life. This is also the basis for contin- 
gencies defined by the owners. 

Long-term relationship with ven- 
dors. A returning customer with an 
invitation for bid tells a lot about past 
performance. The relationship with a 
customer should nurture itself with con- 


FIG. 2. Large cracking furnace in the 
Middle East. Source: Al Bassami Industries. 
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sistently good performance and quality of 
work, agreed-upon timeliness and cost fac- 
tors. With a carefully maintained long-term 
collaboration, partners will have a stake 
in working through inflation and supply 
chain issues as a team. Rather than finger 
pointing, there will be an understanding of 
the difficulties and a team effort to move 
the project forward with minimal impact. 

Locked-in prices. With any project, an 
effort should be made to finalize engineer- 
ing as soon as possible so material prices 
can be locked in early. When executing 
multiple projects with one or more cus- 
tomers, it makes sense to review the com- 
mon bill of materials to obtain good bulk 
purchase prices. The savings can be shared 
with the customer, keeping in mind a long- 
term relationship. Also, some synergies 
and efficiency gains can be achieved by de- 
ploying labor to project jobs that are simi- 
lar in nature or short-term repetitive tasks. 
A project agreement with the customer, 
whether on a lump-sum or cost-plus basis, 
allows any foreseeable cost savings to be 
shared with the customer, further opening 
the transparency part of the relationship. 

Multiple suppliers. A good procure- 
ment policy and the team behind it should 
work creatively to address materials re- 
quirements. The availability of materials 
during the pandemic, especially the lon- 
ger lead times, poses challenges. This can 
be mitigated by exploring the availability 
with multiple suppliers. Eventually, a sup- 
plier’s relationship can be maintained just 
like the customer relationship. Strong sup- 
plier performance is key to good project 
execution and a satisfied customer. 

Contract with escalation. Contracts 
with an escalation clause can be agreed 
with customers and should be mutually 
favorable and win-win for both parties. A 
due diligence process should be in place, 
also adding to transparency. 


Takeaways. Inflation and supply chain 
concerns can be project development and 
execution issues that are often ignored as 
a project progresses—they can become 
significant problems when they develop. 
The pandemic has demonstrated the se- 
riousness of these issues as they relate to 
successful project execution. As a result 
of the pandemic, many companies have 
been faced with a large disparity between 
their bid prices and actual costs, with no 
ability to pass on increases. Failure to take 
the proper steps to address these issues 


can have a dramatic effect on a company’s 
balance sheet. 

Maintaining transparency is a good 
start to a guarded position relative to 
inflation and supply chain issues. This 
includes establishing and maintaining a 
long-term relationship with vendors and 
keeping an open book with the customer. 
Buying in bulk and locking in prices early 
are other positive steps. Maintaining mul- 
tiple suppliers is a safeguard to inflation 
and delivery issues, as not all vendors are 
impacted to the same degree. Having the 
foresight to structure contracts with esca- 
lation is the ultimate protection for infla- 
tion, but this may not always be possible 
in a bid situation. 

Finally, open communication between 
owner and contractor is the best means to 
work through inflation and supply chain is- 
sues. The best approach is always one that 
ensures cooperation and understanding 
during project challenges, and the sharing 
of rewards when times are good. FP 


LITERATURE CITED 
Complete literature cited available online at 
www.HydrocarbonProcessing.com. 


CARL RENTSCHLER is the U.S. Sales Representative 
for Al Bassami Industries, a premier global steel 
fabrication company based in Jeddah, Saudi Arabia. 
He has more than 40 yr of varied engineering and 
management experience with Parsons, Air Products 
and Linde in the power and petrochemical fields. 
Mr. Rentschler is a licensed Professional Engineer, 
holds a BS degree in civil engineering from Penn 
State University, and earned MEng degree from 
Cornell University. 


ASHIM PARMAR is Head of project engineering at 
MilliporeSigma, a Merck KGaA Company. He brings 
28 yr of experience in project management, 
operations and maintenance, reliability, and green 
field startups. His primary responsibility is leading 
projects from conceptual phase to successful 
completion. Mr. Parmar is focused on continuous 
improvement and is passionate about the Internet of 
Things (loT), automation and digitization with a value- 
added approach. He has international experience 
and previously worked for Eastman Chemicals, 
International Flavors and Fragrances, Symrise Asia 
Pacific, Novartis and Pfizer Pharmaceuticals. 


GOUTAM SHAHANI works as a Sales and Marketing 
Consultant in the construction industry. He teaches 
business and mathematics at area colleges, and has 
more than 40 yr of experience in industrial marketing, 
business development and asset management at 

Air Products, Linde and ShureLine Construction. 

Mr. Shahani has more than 50 publications and 
patents in the energy and environmental sectors, 

and holds BS and MS degrees in chemical 
engineering, as well as an MBA. 


Hydrocarbon Processing | JUNE 2022 43 


Maintenance 


FP and Reliability 


G. W. PARK, Kuwait Oil Co., Ahmadi, Kuwait 


Prevent corrosion failures at each stage of design, 
construction and normal operation 


Each year, significant economic losses 
due to corrosion failures occur in the re- 
fining and petrochemical industries; un- 
fortunately, many of these losses could 
have been prevented. Petroleum refining 
today is unusually sophisticated com- 
pared to the single-shell stills of the 1800s, 
and the industry shows every indication 
of becoming even more complex. 


Chemical and mechanical engineer- 
ing advances are increasing product yields 
and improving plant operating reliability, 
and crude units have been highly inte- 
grated with secondary and petrochemi- 
cal plants, such as fluidized catalytic 
cracking units (FCCUs), hydrocracking 
units, and delayed coker and polymer 
plants. These units are operating under 


various corrosive materials and operating 
conditions (FIG. 1). 

One result of these changes is a grow- 
ing emphasis on materials engineer- 
ing and increased interest in high-alloy, 
corrosion-resistant steels—such as stain- 
less steels, nickel alloys, copper alloys and 
titanium alloys—to cope with a wide va- 
riety of raw crudes, oil intermediates and 
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FIG. 1. Typical block diagram of a petroleum refinery with corrosives. 
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resistant materials of construction.’ To 
do this, close cooperation between the 
inspection (corrosion) engineer and pro- 


products. It is obvious that substantial 
savings can be obtained in many types 
of plants through the use of corrosion- 
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FIG. 2. C, isomerization process. 
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FIG. 4. Hydrocracking process. 
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cess and design personnel is required be- 
fore a plant is built to eliminate or reduce 
maintenance costs in many cases. 

Slight changes in the process some- 
times reduces the corrosiveness of plant 
liquors without affecting the process 
itself, permitting the use of less expen- 
sive materials. These changes can often 
be made after the plant is in operation, 
but original preventive measures are 
more desirable. 

Sometimes, design errors can occur 
during communication among process 
licensors, foreign engineering compa- 
nies, local engineering companies and 
equipment vendors. This article presents 
several case histories of refineries where 
inspection and investigation identified 
potential and actual clues of corrosion 
failures caused by improper internal 
manufacturing by a tower vendor, an in- 
correct design of a piping spec break by 
an engineering company, inappropriate 
material selection by license companies 
and a lack of understanding of chemical 
properties. Additionally, this article fo- 
cuses on how process engineers can pre- 
vent corrosion failures at each stage of de- 
sign, construction and normal operation, 
based on the author’s experience. 


CASE 1: MONEL LINING 
MISSING AT THE INLET 
NOZZLE TO THE NET GAS 
SCRUBBER OF A C, ISOMER 


The C, isomer (butamer process) 
is specifically designed for the catalytic 
isomerization of butanes on platinum 
type catalyst with the chloride promoter, 
which decomposes to hydrogen chlo- 
ride (HCI, corrosives) downstream of 
the chloride injection point. The typical 
process schematic is shown in FIG. 2. The 
principal reactions of the isomerization 
are shown in Eqs. 1 and 2: 


CH,-CH,-CH,-CH, > 


CH, (1) 
| 
CH,-CH-CH, 
C,Cl, + SH, > 4HCI1 + C,H, 
(Temp. > 105°C) (2) 


This decomposed HCI will meet the 
aqueous solution downstream of the sta- 
bilizer overhead system (where very cor- 
rosive material forms) and then is neutral- 
ized in the net gas scrubber by caustic, 


sodium hydroxide (NaOH). Therefore, 
the piping from the stabilizer overhead to 
the net gas scrubber is made of monel ma- 
terial [66%-67% nickel (Ni), 29%-30% 
copper (Cu)], a highly resistant material 
for HCI aqueous solution that is also ap- 
plied to the upper part of the atmospheric 
distillation column. 


Problem. According to the contract, a 
process license company dispatched an 
inspection engineer to check the ves- 
sels and columns in the process just after 
completion of construction and internal 
installation. The engineer’s background 
was mechanical; all equipment was in- 
spected, including the net gas scrubber 
internals, and everything was found to be 
in working order. As a final cross check, 
the author performed an inspection with 
the license vessel drawings following the 
license inspector's report. A critical in- 
consistency was found at the inlet nozzle 
of the net gas scrubber: monel lining was 
missing inside of the nozzle and flange 
faces. The licensor specified the note on 
its column drawing presented in FIG. 3. 


Maintenance and Reliability EP 


Cause and solution. This finding was 
promptly shared with the licensor, and was 
also compared with the vendor drawings 
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from the manufacturer and the licensor. 
Consequently, the vendor had not reflected 
this critical note on its drawings and made 
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FIG. 5. Piping schematic for the explosion area in the hydrocracking process. 


Register for Free: 
HydrocarbonProcessing.com/Webcasts 


i 
Cryst! 


(@) aspentech 


HYDROCARBON 
PROCESSING’ 


World Oil 


Hydrocarbon Processing | JUNE 2022 47 


imal Maintenance and Reliability 


the inlet nozzle without monel lining. The ification. The modification—monel lining Lessons learned. Most new processes 
process licensor confirmed that it should on the inlet nozzle—was performed inthe are designed by license companies and 
be corrected accordingly based on its spec- vendor shop near the plant site. then developed by basic and detail engi- 
neering companies. Equipment vendors 
also issue their drawings; process and de- 
sign engineers should carefully compare 
them with the originals from process li- 
censors because incorrect interpretations 
and communication can happen. Second- 
ly, it is highly recommended that process 
engineers perform an inspection from the 
point of view of a process. 

The above finding was also conduct- 
ed by an owner-side process engineer 
after the error by the license mechanical 
engineer. Since the process expert fully 
understood that the stream—an HCI 
aqueous solution—was very corrosive, 
both sides of the nozzle, upstream pip- 

Actual operating point of the damaged line ing and monel distributor are made with 
(carbon steel): monel material prior to neutralization 
— Hydrogen partial pressure: 2,446 psia with the caustic. 
Hydrogen parti|_ — Temperature: 343°C 2, However, the nozzle should be made of 
| 


FIG. 6. The ruptured part of the damaged piping in the hydrocracking process. 


1,500 = EN La Bh Va 20.110.748.50 13:6 300 carbon steel because the column base ma- 
1400 | | TAT [| terial is carbon steel. Therefore, the nozzle 
' S satista should be lined with highly resistant mate- 
Gi Slaton pas 7 700 rial to avoid acid corrosion. Because this 
ee =" lan 1:25(r-0.5Mo steel = ised decittatok lle C, isomer is part of the FCC plant, sig- 
i > y 1.0Cr-0.5Mo steel and figsuring nificant losses during an emergency shut- 
“z 1000 AE | © down could have occurred within several 
2 00 es eee 7500 Æ months of initial operation without this 
2 200 SO cama 2 proper and meticulous inspection. To 
So E A 4400 ™ achieve trouble-free operation, process 
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200 CASE 2: EXPLOSION DUE 
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IN THE RECYCLE OIL PIPING 
OF THE HYDROCRACKING 
PROCESS 


The hydrocracking process is de- 
signed to convert petroleum distillates of 
various boiling ranges into lighter, more 
valuable low-sulfur fractions. The prod- 
uct will normally be a material that may 
be fractionated into cuts ranging from 
naphtha to heavy diesel oil. One typical 
reaction system consists of a two-stage 
series reactor system with hydrogen re- 
cycle. The first reactor is loaded with a 
T 569 A catalyst designed to clean up the charge, 

Mere Micro-fissures after etching (x500) | allowing the removal of the feed nitro- 

(left: x 100 / right: x 500) gen and sulfur as ammonia (NH,) and 
hydrogen sulfide (H,S), and to selective- 
ly hydrocrack heavier hydrocarbons into 


FIG. 7. Nelson chart (API RP941) with the actual operating point. 


FIG. 8. Micro-fissures of the damaged piping sample due to hydrogen attack (HTHA). 
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lower boiling point materials. The sec- 
ond stage is employed to further crack 
the first-stage effluent into 
the desired boiling range 
products. Reactor effluent 
passes through feed/efflu- 
ent exchangers and product 
condensers into a high-pres- 
sure separator where hydro- 
gen recycle is taken out. The 
net liquid is then flashed at 
a lower pressure and tem- 
perature before being debu- 
tanized and fractionated into the desired 
products.’ The typical process schematic 
is shown in FIG. 4. 


Problem. In one incident, the recycle oil 
piping (8 in., 15 m) of the hydrocrack- 
ing process was ruptured and caused an 
explosion and large fire. The ruptured 
portion of the piping is depicted in FIG. 5 
because it is not detailed properly in the 
overall process schematic (FIG. 4). When 
the inspection team and the author ar- 
rived at the site, the ruptured parts of 
the damaged piping were cut as if with a 
sharp knife (FIG. 6). The burging (swell- 
ing) part of the left end piping seemed to 
be caused by fire and explosion (second- 
ary damage) rather than by the original 
damage mechanism. 


Cause analysis. The material group 
and the inspection team began investi- 
gating the cause of the accident. The op- 
erating condition of the damaged piping 
was checked with the API RP941 Nelson 
chart, since the carbon steel line was ex- 
posed in the hydrogen environment. The 
chart indicates the material’s service lim- 
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it to avoid decarburization and fissuring, 
which is used in the high-temperature 


hydrogen environment. Operating per- 
sonnel confirmed that hydrogen reverse 
flow through this carbon steel piping 
could be formed during turndown op- 
eration and startup due to the temporary 
stop of the recycle oil pump. The actual 
operating conditions and design values 
of the line are shown in TABLE 1. 

Considering 95% of the hydrogen 
content in the recycle hydrogen, the 
actual operating point was marked on 
the Nelson chart shown in FIG. 7. The 
point exceeded the limit of carbon steel 
and low-alloy materials, which are sus- 
ceptible to high-temperature hydrogen 
attack (HTHA). Stainless steel should 
have been selected for this application. 
As described in FIG. 5, the 14-in. bypass 
line from the temperature control valve 
(TV) was designed as stainless steel, but 
the section of the 8-in. main line down- 
stream of the TV was made with carbon 
steel, which showed inconsistency in de- 
sign since both lines are exposed to high- 
temperature hydrogen. 

In equipment that is exposed to high- 
temperature and high-pressure hydro- 
gen gas of > 200°C, hydrogen creates 
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FIG. 9. Amine system: Amine absorber and amine regeneration unit (ARU). 


methane by permeating into the steel 
inside and reacting with dissolved car- 


Substantial savings can be obtained using corrosion- 
resistant construction materials. Close cooperation 


between the inspection (corrosion) engineer and process 
and design personnel is required before a plant is built 
to eliminate or reduce maintenance costs in many cases. 


bon or metal carbide in dislocation, in- 
clusion, gross discontinuity, lamination 
or other inside voids, according to the 
reaction in Eq. 3: 


Fe,C + 2H, > 3Fe + CH, 
(decarburization reaction) (3) 

Because a molecule of methane is 
large, it is hard to diffuse. The methane 
pressure increases by accumulating in 
the grain boundary or the boundary be- 
tween the grain and nonmetal inclusion. 
Decarburization then progresses con- 
tinuously, creating bubbles and fissures 
(minute cracks) in the steel inside. There 
is no change in the thickness of metal, but 
micro cracks are connected and there is 
lower tensile strength and ductility by 
decarburization and fissuring. As a re- 
sult, hydrogen attack occurs. To confirm 
the cause of this accident, a replica test of 
metal microstructure was performed by 


TABLE 1. Actual operating conditions 
and design values of the line 


Designcase Operating case 
Pressure 260 kg/cm’,g_ 180 kg/cm? g 
Temperature 370°C 343°C 


FIG. 10. Amine corrosion in the rich amine 
piping. 
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the materials group with the sample of 
the damaged piping. Numerous micro- 
fissures were found (FIG. 8). 

Additionally, as hydrogen atoms are 
located in a high-stress area, hydrogen 
attack occurs easily because it diffuses 
well. So, a heat affected zone (HAZ) is 
weaker against HTHA than base metal 
or weld metal, and decarburized areas 
and fissuring are often found there. This 
explains why the line was sharply cut at 
the points of the piping’s HAZ. 


Solution. The refinery owner claimed 
inappropriate piping design and an in- 
correct piping spec break against the en- 
gineering company. Consequently, the 
damaged piping and 10 m of the recycle 
oil line upstream of the TV were planned 
to be replaced with stainless steel mate- 
rial. The installation of check valves 
to prevent reverse hydrogen flow was 
also considered. 


4th leak at elbow 
welding part 
(2008.12.22) 


Ist leak at straight 
welding part 
(2008.10.22) 


5th leak at straight welding 
part (2009.01.06) 


7% T Ind leak at elbow 


welding part > 
EN 
3rd leak at straight 
welding part 
| (2008.10.28) 


| 
lz | Caustic tank 


FIG. 11. The piping layout and leak points 
around the caustic tank. 


Lessons learned. To clearly identify 
the damage mechanism of the corrosion 
incident, cooperation among concerned 
teams (operations, process technical 
services, inspection, R&D, etc.) is vital. 
Additionally, corrosion and material ex- 
perts with sound knowledge and experi- 
ence of various aspects of corrosion, as 
well as inspection tools and methodolo- 
gies, are required. For process engineers, 
a spec break review of piping and equip- 
ment is critical by those who are aware 
of process stream operating conditions 
and stream components. After a joint 
review with corrosion engineers, the 
proper materials for piping and equip- 
ment can be selected. 


CASE 3: REPEATED 
CORROSION IN THE 

PIPING OF THE AMINE 
REGENERATION UNIT (ARU) 


An amine system removes H,S and 
carbon dioxide (CO,) from various 
fuel gases produced in a refinery to pre- 
vent air pollution when the gases are 
burned. Amine plants consist of two 
units (FIG. 9): the absorber in which the 
unwanted gas constituent is removed, 
and a regenerator in which the amine 
solution is reactivated. In the absorber, 
gas flows up through the column and 
the amine cascades down, providing in- 
timate contact. Sweet gas exits the top, 
and rich amine leaves through the bot- 
tom. In the regenerator, H,S and CO, 
are expelled by heat and stripping steam. 
The acid gases go to sulfur recovery 


FIG. 12. Sample analysis of the damaged caustic line. 
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units (SRUs) and lean amine solution is 
returned to the amine absorber. 


Problem. In an amine unit, operation 
and maintenance personnel noticed five 
leaks in one year in the piping circuit— 
oddly, the leaks occurred only in the rich 
amine line between the lean/rich amine 
heat exchanger and the amine regenera- 
tor (within the dotted red line in FIG. 9). 
The piping material was carbon steel 
while the tube material of the amine heat 
exchanger was stainless steel. 


Cause analysis. To determine the 
cause of the leaks, an inspection team 
investigated the inside of the piping after 
cutting the line. Internally, severe pit- 
ting corrosion with uniform thickness 
loss was found in the rich amine piping 
(FIG. 10). This is a typical type of amine 
corrosion. In this case, the proper mate- 
rial is austenitic stainless steel or duplex 
stainless steel; the corroded piping was 
made with carbon steel, which is weaker. 

Furthermore, a temperature rise and 
the current speed are accelerating fac- 
tors for this type of corrosion, particu- 
larly when turbulence is created by acid 
gas (H,S and CO,) flashing in rich amine 
due to a temperature rise (from 52°C to 
100°C) through the tube side of the lean/ 
rich amine heat exchanger and a pressure 
drop across the flow control valve at the 
inlet of the amine regenerator. Erosion 
corrosion can be also shown in this area. 
As a reference check, the material of rich 
amine in other amine units was investigat- 
ed. The rich amine piping downstream of 
the heat exchangers in other amine units 
was made with stainless steel material. So, 
the investigation teams concluded that 
this repeated corrosion occurred due to 
incorrect material selection. 


Solution. The rich amine piping after 
the lean/rich amine heat exchanger was 
replaced with stainless steel material. 


Lessons learned. This amine unit had 
been designed by a local engineering 
company that had insufficient experi- 
ence with amine processes. The owners 
or engineering companies should have 
consulted with major license companies 
or major engineering companies. Refer- 
encing piping and instrumentation dia- 
grams (P&IDs) for other amine units is 
also an effective and preventive measure. 


CASE 4: REPEATED PIPING 
CRACKS OF CAUSTIC 
MAKEUP LINES DUE TO 
CAUSTIC STRESS CORROSION 
CRACKING (SCC) 

Caustic (NaOH) is used widely in 
refining and petrochemical units for the 
neutralization of acid constituent and pH 
control of cooling water or boiler feed wa- 
ter. However, it can cause SCC to carbon 
steel welds, according to the concentra- 
tion of caustic and temperature (refer to 
API RPS71: NACE caustic soda chart). 
Stress-relieved carbon steel or nickel al- 
loys can be more resistant to caustic SCC. 


Problem. At the makeup line of fresh 
caustic to the caustic tank in the alkyla- 
tion unit, five leaks occurred over a period 
of 3 mos (FIG. 11). The service of the 3-in. 
piping was 25 wt% fresh caustic and it was 
installed with steam tracing. This caustic 
was used for neutralization at the caustic 
wash drum and for acid gas scrubbing 
at the blowdown vapor scrubber in the 
alkylation unit. 


Cause analysis. An inspection team 
collected the piping sample at a fifth leak 
welding part. A crack was visually detect- 
ed at the circumferential direction of the 
welding part and several white stains were 
noticed on the surface of piping due to 
caustic leak (FIG. 12, left top). Through a 
radiography test (RT), it was determined 
that the crack penetrated the weld metal 
beginning at the weld toe (FIG. 12, left bot- 
tom); its microstructure was investigated 
after cutting the sample piping. 
Intergranular cracking was observed 
along grain boundaries (FIG. 12, right). 
Intergranular stress-corrosion cracking 
is typically shown in the alkaline SCC, 
such as caustic SCC and amine SCC. 
Intermittent caustic supply to the tank 
was required about once a week, while 
steam tracing on the piping was under 
continuous service. The actual oper- 
ating temperature of the makeup line 
fluctuated 30°C-75°C, according to the 
temperature gauge, while the normal 
temperature was shown as 38°C on the 
document. At 38°C, caustic SCC cannot 
exist; therefore, it was possible that the 
piping temperature rose due to continu- 
ous heat flux from steam tracing, caus- 
ing the increase of concentration of the 
remaining caustic solution in the piping. 
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The temperature to cause caustic 
SCC in carbon steel is 50°C-80°C or 
more, according to caustic concentra- 
tion (refer to the API RP571). Accord- 
ingly, the welded part of carbon steel 
that is exposed to this temperature range 
must be executed post-weld heat treat- 
ment (PWHT, stress-relieving) to avoid 
SCC. Through a hardness check of the 
sample, stress-relieving on some parts 
seemed improperly performed. By the 
above mentioned analysis results, the in- 
spection team reported that the frequent 
leaks happened due to caustic SCC. 


Solution. To fundamentally prevent 
caustic SCC, a material upgrade to “Ni 
alloy” could be considered. Alternatively, 
precise temperature control of the caustic 
line through electric tracing rather than 
steam tracing could be selected. Both 
improvements are costly. The technical 
staff checked the freezing point of the 
25 wt% caustic (FIG. 13) and compared 
it (-20°C) with the regional lowest tem- 
perature in the city (—8.5°C ). It was not 
possible that the caustic solution would 
reach freezing point in that area. Finally, 
they eliminated stream tracing from the 
caustic makeup line and have not expe- 
rienced this type of piping damage since. 


Lessons learned. By carefully review- 
ing process conditions and chemical 
properties, optimum solutions to cor- 
rosion issues can be found. Alternative 
countermeasures can be considered, but 
engineers should also consider and com- 
pare their costs and effectiveness. 


Takeaways. This article has highlighted 
two key lessons for engineers: 

e Close cooperation between 
corrosion engineers and process 
and design engineers is essential 
to determine the best and most 
economical solution for a corrosion 
and material issue.* The process 
engineer should provide exact 
process conditions and operating 
concepts, including normal 
operations and abnormal cases 
(shutdown, startup, turndown 
and emergency), for each area of 
concern. This is a starting point 
for trouble-shooting. 

- All discipline engineers (process, 
mechanical, piping, inspection, 
materials, etc.) should ensure 


Temperature, °C 
Temperature, oF i 
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FIG. 13. Freezing point curve for caustic soda 
(NaOH) solutions. 


consistency of design documents 

at each step, such as basic design 

by license companies, front-end 
engineering and detailed engineering 
by engineering companies, and 
vendor design. Careful review is 
required on material, operating 

and design conditions, stream 
compositions (including corrosives), 
piping spec breaks, etc. Reference 
document checks, such as P&IDs 
and equipment drawings from 

other companies, are helpful if no 
similar process or equipment is in 
use in existing plants. Equipment 
inspection must be performed 

by owner-side engineers at the 
construction stage; they are 
responsible for a new process or 
equipment as an asset owner. FP 


LITERATURE CITED 


1 American Iron & Steel Institute, “The role of stain- 
less steels in petroleum refining,’ April 1977. 

> UOP, “Corrosion and fouling management course,” 
Des Plaines, Illinois, June 1995. 

> Fontana, M., Corrosion engineering, 3rd Ed., McGraw- 
Hill Companies, 1986. 


GI WON PARK works in the 
upstream division of Kuwait Oil Co. 
in Kuwait. He has 26 yr of experience 
in process design and operation 

_ and holds two U.S. patents and 

one international patent in process 
technologies. He has worked on 
various projects and revamps, including three billion- 
dollar projects for grassroots refining (SK Energy) and 
petrochemical plants as a Senior Process Engineer 

and Engineering Team Leader. As a corrosion engineer, 
he is also involved in corrosion failure investigations 
and reliability improvement task forces. Mr. Park holds 
a BS degree in chemical engineering. 


Hydrocarbon Processing | JUNE 2022 51 


Sad 100th Anniversary 


History of the HPI 
LEE NICHOLS, Editor-in-Chief/Associate Publisher 


The 1970s: Crises, clean air, plastic bottles 


and the DCS 


The 1970s were marked by several his- 
torical events that affected not only the 
hydrocarbon processing industry (HPI) 
but nations around the world. The de- 
cade witnessed two oil crises that would 
disrupt the global supply of oil and in- 
crease prices substantially. New regula- 
tions by the U.S. and Europe ushered in 
an era of clean fuels standards that are 
still in transition today. Novel technolo- 
gies introduced in the 1970s revolution- 
ized emissions reduction from vehicles’ 
tailpipes, advanced process controls and 
automation, and changed the way society 
drinks carbonated beverages. 

The decade also witnessed advances in 
catalytic processing technologies, such as 
the commercialization of catalytic dewax- 
ing, wax hydroisomerization and continu- 
ous catalytic reforming (CCR).!°* For ex- 
ample, Mobil developed the first catalytic 
dewaxing process in the mid-1970s. The 
technology—referred to as the MDDW 
process—utilized the company’s Zeolite 
Socony Mobil-5 (ZSM-S) catalyst to in- 
crease the cold flow properties of diesel 
(the invention of the ZSM-S catalyst was 
detailed in the History of the HPI section 
in the May issue).'** In 1971, UOP began 
operations on the first CCR Platform- 
ing unit at the Coastal States refinery in 
Corpus Christi, Texas (U.S.). According 
to literature, the CCR section enabled 
refiners to continuously remove coke ac- 
cumulating on the catalyst. This allowed 
lower reforming reaction pressures to 
increase reformate and hydrogen yields, 
higher reaction temperatures to achieve 
higher octane levels for gasoline blend- 
ing—thus enabling lead-free gasoline— 
and increased production of aromatics for 
use as petrochemical feedstocks." 


Two crises stress the importance 
for energy security. The 1970s were 


rocked by two global crises: The oil em- 
bargo of 1973 and the oil crisis of 1979. 
These two events had detrimental ef- 
fects on oil importing nations around the 
world, as well as stressed the importance 
of energy security. 

Oil embargo of 1973. The first oil 
crisis to affect the global economy in the 
1970s was the Organization of Petro- 
leum Exporting Countries’ (OPEC's) oil 
embargo in 1973-1974—the creation 
of OPEC was detailed in the History of 
the HPI section in the May issue of Hy- 
drocarbon Processing. The embargo was 
a retaliation against countries that sup- 
ported Israel during the Yom Kippur War 
with Syria (i.e., the U.S., Canada, Japan, 
and a few African and Western European 
nations).'** It banned petroleum exports 
to targeted countries and incorporated 
crude oil production cuts, leading to a 
quadrupling of oil prices—oil prices in- 
creased from $3/bbl to nearly $12/bbl by 
early 1974, an increase of 300%.'° 

The embargo had detrimental ef- 
fects on nations that were dependent on 
foreign oil to satisfy domestic demand. 
Many nations enacted oil rationing pro- 
grams, as well as banning fuels usage (e.g., 
driving, flying) on various days. The high 
price of oil even led several countries to 
the brink of recession and proved that oil 
could be used as an economic weapon.” 

In March 1974, peace talks between Is- 
rael and Syria led to the eventual lifting of 
the oil embargo. However, this would not 
be the last time within this decade that 
the world would be caught in a global oil 
price crisis. 

Oil crisis of 1979. The second crisis 
that significantly affected global oil prices 
in the 1970s was due to the Iranian Revo- 
lution. The revolution, which began in 
early 1978 and ended a year later, led to 
the toppling of the country’s leader, Shah 


Mohammed Reza Pahlavi, and installed 
Sheikh Khomeini as grand ayatollah. The 
year-long revolution was responsible for 
knocking approximately 4.8 MMbpd 
of oil production offline. Although this 
represented only 7% of the world’s oil 
production at the time, it led to global oil 
prices nearly doubling to $39/bbl.'*° 

Ina little more than 6 yr removed from 
the oil embargo crisis, history began to 
repeat itself. Several countries rationed 
supplies, governments invested billions of 
dollars in research to find an alternative to 
oil, and many countries either switched or 
began to explore switching domestic pow- 
er generation from oil to other feedstocks, 
such as coal, natural gas or nuclear. "° 

Both the 1973 oil embargo and 1979 
oil crisis had dramatic effects on the glob- 
al marketplace. However, the underlying 
theme of these global events brought to 
light the necessity for energy security, a 
concept that continues today. 


The Clean Air Act of 1970 ushers in 
a new era of environmental aware- 
ness/action. As countries modernized 
and produced fuels and products for 
domestic and international markets, a 
lingering challenge could be felt by local 
populations: air pollution. Not only did 
manufacturing plants, refineries, chemi- 
cal and petrochemicals facilities, factories 
and other industrial operations produce 
air pollutants, gasoline burned in internal 
combustion engines (i.e, automobiles) 
filled the skies with pollutants such as hy- 
drocarbons, carbon monoxide and nitro- 
gen oxides. 

In efforts to reduce air pollution, the 
US. Environmental Protection Agency 
(EPA) initiated a series of laws and amend- 
ments to various industries. The first fed- 
eral legislation passed to address air pol- 
lution in the U.S. was the Air Pollution 
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Control Act of 1955. Although the law did 
not tackle air pollution directly, it provided 
funding for research relating to air pollu- 
tion control. Eight years later, the U.S. 
EPA passed the Clean Air Act of 1963, 
which enabled the U.S. government to take 
direct action to control air pollution.” In 
1965, an amendment to the Clean Air Act 
of 1963—the Motor Vehicle Air Pollution 
Control Act—created the first federal set 
of standards for vehicle emissions.” 

The Clean Air Amendments of 1970 
significantly strengthened federal author- 
ity to regulate emissions from both in- 
dustrial and mobile sources (FIG. 1). This 
amendment included the following major 
components"*!: 

e It established the National Ambient 

Air Quality Standards (NAAQS) 
for pollutants in outdoor air that 
can be harmful to the public or 
the environment—i.e., carbon 
monoxide, lead, particulate matter, 
ozone, nitrogen dioxide and sulfur 
dioxide.!® 

e It established New Source 
Performance Standards to determine 
how much air pollution should be 
allowed by different industries. 

e It established the National Emission 
Standards for Hazardous Air 
Pollutants to cover all air pollutants 
not covered by the NAAQS. 

e It called for aggressive air pollution 
reduction goals—some as high as 
90%— for the mobility sector. 


The significance of the Clean Air Act 
of 1970 was that it gave the U.S. EPA en- 
forcement authority over domestic emis- 
sions levels, as well as required U.S. states 
to issue plans (State Implementation 
Plans) on adhering to national air pollu- 
tion standards. This model is still in use 
today. The Clean Air Act had several ad- 
ditional amendments added to it over the 
next 30 yr, including major additions dur- 
ing the 1990s to address acid rain, ozone 
depletion and toxic air pollution, as well 
as establishing Reid vapor pressure stan- 
dards and new regulations on fuels sold 
during the months of May—September 
(i.e., summer-grade fuel).!*" 

Although the Clean Air Act was in- 
tended to reduce air pollution, especially 
from the automobile industry, challenges 
existed on how to mitigate pollutants from 
an automobile’s tailpipe. A solution was 
put forth in the mid-1950s but did not 
fully materialize for the auto industry until 
the mid-1970s. This technology can still 
be found on nearly every vehicle in use to- 
day: the catalytic converter. 

The catalytic converter. Although 
prototypes of catalytic converters were 
introduced in France in the late 1800s, the 
modern catalytic converter was first pat- 
ented in the mid-1950s by a well-known 
pioneer in the refining industry, Eugene 
Houdry. Houdry’s pioneering work in the 
creation of catalytic cracking was detailed 
in the History of the HPI segment in the 
February issue of Hydrocarbon Processing. 


FIG. 1. U.S. President Richard Nixon signs the Clean Air Act of 1970, which called for a 
significant reduction in air pollutants from industrial and mobility sectors. Photo courtesy 
of the U.S. National Archives. 
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Houdry began research and develop- 
ment on this technology after studies were 
released that showed alarming increases 
in smog in the Los Angeles, California 
(U.S.) area. These Los Angeles area smog 
studies in the early 1950s also played a 
part in similar studies in Western Europe. 
Around 1956, both French and German 
scientists were engaged in research to 
mitigate smog in several major cities in 
France and Germany.’ These scientists 
noticed that several of their respective 
urban areas suffered from dense air pol- 
lution similar to that referenced in the 
Los Angeles smog reports. Both teams’ 
research into mitigating vehicle emissions 
eventually led to the implementation of 
Directive 70/220/EEC in 1970.'* This 
ground-breaking piece of legislation was 
the impetus to setting emissions stan- 
dards for light- and heavy-duty vehicles 
in Europe. The directive eventually led to 
the introduction of the Euro 1 standard in 
1992 (implemented for passenger cars in 
1993), the removal of leaded petrol from 
filling stations in Europe and the adop- 
tion of three-way catalytic converters.'* 
146147 European emissions standards (i.e., 
Euro 1-6 and Euro I-IV; Euro 7/VII are 
expected to be implemented in the mid- 
2020s) #48 would become a global stan- 
dard for many countries around the world 
over the next few decades in efforts to ad- 
here to clean fuels regulations. 

In the U.S., Houdry was concerned 
that emissions from smokestacks and au- 
tomobile exhaust were leading to signifi- 
cant air pollution.’ To reduce emissions 
from these sources, Houdry created the 
company Oxy-Catalyst to develop catalyt- 
ic converters. His first designs were aimed 
at mitigating emissions from smokestacks. 
This effort was followed by the develop- 
ment of catalytic converters for low-grade 
gasoline-powered forklifts used in ware- 
houses.’*° In the mid-1950s, Houdry fixed 
his sights on developing catalytic convert- 
ers for automobile engines. His technol- 
ogy was patented under the title Catalytic 
Apparatus to Render Non-Poisonous Ex- 
haust Gases from Internal Combustion 
Engines on April 17, 1956 (FIG. 2).!5! 

However, the widespread adoption of 
catalytic converters by the automobile in- 
dustry did not take effect until the passing 
of the U.S. Clean Air Act and subsequent 
amendments. These laws dictated strict 
regulations on vehicle emissions, as well as 
the continued removal of lead from gaso- 


line— incorporating tetraethyllead (TEL) 
into gasoline was first used in the 1920s 
to prevent knocking in internal combus- 
tion engines. The first TEL reduction 
standards—part of the U.S. NAAQS stan- 
dards—were passed into law in the early 
1970s. The recognized adverse impacts of 
emissions from leaded gasoline on human 
health would lead to the eventual removal 
of lead from gasoline over the next few de- 
cades—the U.S. banned leaded gasoline in 
on-road vehicles in 1996.'? Lead was also 
detrimental to the operation of catalytic 
converters. Lead acts as a catalyst poison 
by forming a coating on the catalysts inside 
the converter, leading to inactivity and in- 
creased emissions.'*? Numerous countries 
in Asia, Africa, Europe and South America 
followed suit, and, in July 2021, the last 
batch of leaded gasoline was sold in Alge- 
ria. This occasion marked the end of the 
use of leaded gasoline globally. +5 

After the adoption of the Clean Air 
Act, automobile manufacturers began 
producing new lines of vehicles that in- 
cluded catalytic converters. However, the 
Clean Air Act amendments of the 1970s 
put stringent restrictions on the removal 
of carbon monoxide, hydrocarbon and 
nitrogen oxide emissions. Catalytic con- 
verters available at the time were able to 
reduce carbon monoxide and hydrocar- 
bon emissions but not nitrogen oxide. 
This challenge was solved by a group of 
engineers working at Engelhard Corp. 
(now part of BASF) in Iselin, New Jersey 
(U.S.). This group was led by chemists 
Carl Keith and John Mooney. Their revo- 
lutionary three-way catalytic converter— 
introduced in 1973—-was able to reduce 
all three pollutants from a vehicle’s tail- 
pipe. According to literature, the technol- 
ogy used rare-earth and base metal oxide 
components in the catalyst together with 
platinum and rhodium in a ceramic hon- 
eycomb, with tiny passages coated with 
the catalytic material." This enabled 
their design to remove carbon monoxide, 
hydrocarbon and nitrogen oxide in a sin- 
gle catalytic component.'** The three-way 
catalytic converter was installed in most 
vehicles in 1976 and is still in use today. 


The evolution of the distributed 
control system. In 1959, Texaco start- 
ed operations on the first digital control 
computer at a refinery. This system—a 
Thompsom Ramo Wooldridge RW-300 
computer—became the first fully auto- 


matic, computer-controlled industrial 
process and ushered in the computer-inte- 
grated manufacturing era in the HPI. A de- 
tailed account of this technology was pub- 
lished in the History of the HPI section in 
the April issue of Hydrocarbon Processing. 
Additional technologies, such as pro- 
grammable logic controllers (PLCs), were 
incorporated into plant operations in the 
late 1960s/early 1970s. These devices 
were pioneered by Richard (Dick) Mor- 
ley of Bedford Associates (now part of 
Schneider Electric) and Odo Josef Struger 
of Allen-Bradley (now part of Rockwell 
Automation). Both inventors are known as 
the fathers of PLCs—Struger even coined 
the acronym PLC.*55 A history of the PLC 
is detailed in the History of the HPI sec- 
tion in the May issue of Hydrocarbon 
Processing. Allen-Bradley also introduced 
Data Highway in 1979, which was the first 
plant-floor network designed to support 
remote programming and messaging be- 
tween computers and controllers, replac- 
ing miles of wiring in plant operations.'*° 
In 1975, another revolutionary tech- 
nology was unveiled to optimize refining 
and petrochemical plant operations, the 
distributed control system (DCS). The 
first DCSs were introduced by Honeywell 
and Yokogawa. Bristol (now part of Em- 
erson Process Management) also intro- 
duced the UCS3000 in 1975, which was 
the first microprocessor-based universal 
controller.'*” Prior to the DCS, plant op- 
erations were controlled via board op- 
eration (ie. controllers were mounted 
on large instrument panels). However, 
through the evolution and wide-scale 
availability of microcomputers and mi- 
croprocessors, the DCS was created to 
control manufacturing processes in sev- 
eral industries, including oil refining and 
petrochemicals production." 
Honeywell and Yokogawa both intro- 
duced their own DCSs around the same 
time—Yokogawa created CENTUM 
(FIG. 3), while Honeywell introduced the 
TDC2000 platform. According to litera- 
ture, Yokogawa’s journey to the DCS in- 
cluded applying microprocessors to con- 
trol systems. These control systems were 
divided into three basic components: 
human-machine interface, controllers 
and control bus. The system was named 
DCS and was instrumental in control- 
ling various functions of plant operations 
(e.g, flow).'S* 
In the early- to mid-1970s, Honeywell 
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worked extensively at optimizing automa- 
tion technologies, as well as focusing on 
advancing process controls. The company 
introduced the TDC2000 (TDC stood 
for total distributed control) system in 
1975. This system provided a centralized 
view of processes within the plant and 
utilized a data highway that could link 
various sensor data to a central location. "5? 
Plant personnel could monitor and modi- 
fy several control loops in a single system. 
TDC2000 was used globally for a decade 
until being replaced by TDC3000 in 
1985, followed by Experion in the 2000s. 

In 1978, Valmet introduced the Dam- 
atic Classic automation system, which 
was installed at Pankaboard’s board mill 
in Lieksa, Finland. The DCS operated for 
nearly 40 yr at that location before being 
replaced by the latest iteration (Valmet 
DNA) in 1998. 

Other digital companies introduced 


FIG. 2. Eugene Houdry holding a small 
catalytic converter. Photo courtesy of Sunoco 
and the Science History Institute. 


FIG. 3. Yokogawa introduced the CENTUM 
DCS in 1975. Photo courtesy of Yokogawa. 
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new technologies during the 1970s and 
1980s to optimize process controls and 
automation for the HPI. In the late 1970s, 
the Massachusetts Institute of Technol- 
ogy (MIT) created an Energy Labora- 
tory to facilitate collaboration between 
university and industry.“ This effort ma- 
terialized out of the energy crisis of the 
1970s. Led by MIT Professor of Chemi- 
cal Engineering Larry Evans and funded 
by the U.S. Department of Energy, the 
Advanced System for Process Engineer- 
ing (ASPEN) project began in 1977. 

According to literature, the ASPEN 
project set about to develop a general-pur- 
pose simulation system that could be used 
by chemical engineers across the entire 
process industries. The result of the proj- 
ect was the next-generation process simu- 
lator named ASPEN. This technology 
could simulate large, complex processes 
involving highly non-ideal chemical com- 
ponents, coals and synthetic fuels, as well 
as electrolyte and multiphase systems.’ 

In 1981, the software was commercial- 
ized by the new company, AspenTech, 
which released its first product, Aspen 
Plus, in 1982. 

Several direct digital control technolo- 
gies were released in the 1970s, which in- 
cluded Foxboro’s (now part of Schneider 
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FIG. 4. A perspective view of Wyeth’s 
invention as submitted in his patent. 
Photo courtesy of the U.S. Patent Office.’”° 
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Electric) FOX 1 system for plant moni- 
toring and process control, Fisher Con- 
trols’ (now part of Emerson) DC? system 
and PROVOX DCS, Taylor Instrument 
Co.s and Baily Controls’ (both compa- 
nies are now part of ABB) 1010 system 
and 1055 system, respectively.'©'% 

Process automation continued to 
evolve over the next several decades, 
including the move to ethernet-based 
networks, fieldbus installations, wire- 
less systems and protocols, increased 
cyber defenses, remote transmission, 
and many other advances to optimize 
plant operations. 


Polyethylene terephthalate: Solving 
the carbonated liquids container 
challenge. In 1941, DuPont scientists 
John Whinfield and James Dickson ex- 
panded on Wallace Carothers’—a fellow 
DuPont colleague—work on synthetic 
fibers. Carothers’ research was instru- 
mental in the discovery of neoprene, 
nylon and other synthetic fibers. These 
discoveries were detailed in the Febru- 
ary issue’s History of the HPI section of 
Hydrocarbon Processing. 

Through their research, they discov- 
ered how to condense terephthalic acid 
and ethylene glycol into a new polymer 
that could be drawn into a fiber.'* Their 
work eventually led to the development 
of polyethylene terephthalate (PET). 
Whinfield and Dickson patented their 
discovery in Great Britain in mid-1941 
(and later in the U.S. in 1945 );165 howev- 
er, due to wartime secrecy, the invention 
was not made public until several years 
later.'*° PET would become the basis for 
many products used in everyday life, and, 
today, PET is the fourth most produced 
polymer. One of the primary reasons for 
its popularity is its stretchability into long 
hard fibers, which makes it ideal to pro- 
duce films and containers, among other 
items, that are lightweight, hard and du- 
rable. Using blow molding on PET cre- 
ated a product in the early 1970s that 
would revolutionize how societies enjoy 
different beverages: the plastic bottle. 

The first plastic bottle was created in 
the late 1940s by cosmetic chemist Jules 
Montenier. At the time, Montenier was 
trying to find a suitable container for his 
liquid antiperspirant called Stopette— 
prior to his invention, antiperspirants 
were applied as a cream or in liquid form 
by dabbing it on using an applicator or 


pad.'7 He turned to a new chemical 
polymer discovered approximately a de- 
cade before called polyethylene (PE)—a 
detailed account of the discovery of PE 
was published in the History of the HPI 
section in the February issue. In 1947, 
Montenier partnered with the Plax Corp. 
of Hartford, Connecticut (U.S.)—the 
company used blow molding to manufac- 
ture plastic Christmas tree ornaments.’ 
Their partnership produced the Stopette 
spray bottle, which was first commercial- 
ly sold in July 1947.'°’ This event marked 
the beginning of plastic containers com- 
peting against glass. 

However, plastic containers remained 
expensive until the invention of high-den- 
sity PE (HDPE)'® in the 1950s by J. Paul 
Hogan and Robert L. Banks while work- 
ing at Phillips Petroleum Co. in Bartles- 
ville, Oklahoma (U.S.)—the discovery 
of HDPE is detailed in the History of the 
HPI section of the April issue. Several 
new uses of plastic bottles were commer- 
cialized over the next two decades, includ- 
ing the plastic milk bottle (patented by 
Roy Josephsen, Joseph Tino and Charles 
Fulcher of W. R. Grace & Co.) in 1965. 

Like Whinfield and Dickson, Natha- 
nial Wyeth also worked at DuPont. Prior 
to the late 1960s, he invented several 
products for the company, including a 
machine that built dynamite cartridges 
automatically, which kept workers from 
inhaling poisonous nitroglycerin powder; 
and a machine to manufacture Typar, a 
polypropylene (PP) fabric used in indus- 
trial sectors such as construction.’ 

In 1967, Wyeth began experimenting 
with the possibility of using plastic bottles 
to store carbonated beverages. Conven- 
tional wisdom at the time was that plas- 
tic bottles could not hold the pressure of 
carbonated beverages and would explode. 
To test this theory, Wyeth filled a plastic 
detergent bottle with ginger ale, sealed it 
and placed it in his refrigerator. According 
to literature, the next morning, the bottle 
had swelled so much that it was lodged 
between the refrigerator shelves.'® This 
experiment proved to Wyeth that a stron- 
ger plastic was needed to withstand the 
pressure of carbonated liquids. 

His initial work was with PP; however, 
he switched to PET due to its superior 
elastic properties.” After several experi- 
ments, Wyeth invented a machine that 
produced a “hollow, biaxially-oriented, 
thermoplastic.’ This machine would 


strengthen the plastic by creating a mold 
that had nylon thread running in a dia- 
mond crisscross pattern. When the mold 
was pressed, the molecules aligned in a 
biaxial fashion.’ This created a light, 
clear and resilient product that could 
withstand the pressure of carbonated liq- 
uids. On May 15, 1973, Wyeth received a 
US. patent for his biaxially-oriented PET 
bottle machine (FIG. 4). 

Although PET plastic bottles were 
more expensive than glass when first 
introduced into the market, they had 
many more benefits, such as they were 
lighter, they were not easily breakable 
and they could be resealed. Eventually, 
due to increased manufacturing, the cost 
for PET plastic bottles decreased signifi- 
cantly.” Companies like Coca-Cola and 
Pepsi brought PET plastic bottles to the 
global masses, and PET plastic bottle 
usage has soared globally over the past 
several decades. In 2021, more than 580 
B PET plastic bottles were produced (an 
increase of nearly 100 B/yr since 2016), 
reaching a total market value of nearly 
$40 B—industry reports forecast the 
PET plastic bottle market reaching more 
than $50 B by 2027.273 


Infrastructure rises from the Saudi 
desert: Jubail, Yanbu and the mas- 
ter gas system. In 1975, Saudi Arabia’s 
government commissioned the construc- 
tion of two new industrial cities, one on 
each of its coasts—Jubail in the east and 
Yanbu in the west. These cities were the 
results of the country’s growing wealth 
from oil production and global trade and 
would serve as major industrial com- 
plexes to produce refined fuels and pet- 
rochemical products to satisfy domestic 
demand and for export. 

Around the same timeframe, Ar- 
amco—the company would not adopt 
the name Saudi Aramco until the late 
1980s—began work on the country’s 
master gas system.'’* The system’s goal 
was to gather and utilize associated nat- 
ural gas that was being flared (wasted) 
from domestic production and use it as a 
low-cost fuel for industrialization.’”* This 
capital-intensive project included the 
construction and operation of gas gather- 
ing infrastructure, treating and process- 
ing facilities, and a transmitting system. 
By the mid-1980s, the master gas system 
was able to produce up to 2 Bft*d of natu- 
ral gas.'”> Over the next 40 yr, the com- 


pany significantly expanded the system's 
total capacity, with the ability to produce 
approximately 12.5 Bft*d of natural gas 
by the early 2020s. 

Jubail Industrial City. Jubail’s origins 
date back more than 7,000 yr and gar- 
nered fame in 1933 as the initial landing 
spot for Standard Oil of California (now 
Chevron) geologists in their search for oil 
in the country.'” 

In the mid-1970s, Jubail was little 
more than a fishing village; however, it 
had several benefits for the country. The 
city’s location was ideal for shipping, it 
had ample water supplies to cool indus- 
trial plants and it was near crucial domes- 
tic oil production fields." 

The scope of the megaproject was to 
convert Jubail into a large-scale industrial 
city. The Saudi government selected two 
agencies to oversee the city’s construc- 
tion: The General Petroleum and Min- 
eral Organization (PETROMIN) and the 
Saudi Basic Industries Corp. (SABIC). 
The project developers selected Ameri- 
can-based engineering, construction and 
project management firm Bechtel to de- 
sign and build the industrial city. Jubail 
Industrial City was an effort by the Saudi 
government to reach self-sufficiency in 
refined and petrochemical products. 

The city, which covers more than 
1,000 km’, includes a multitude of in- 
dustrial infrastructure, including the 
440,000-bpd SATOR? refinery (a JV be- 
tween Saudi Aramco and TotalEnergies) 
and the SADARA petrochemical com- 
plex (a JV between Saudi Aramco and the 
Dow Chemical Co.). 

Yanbu. On the country’s west coast, 
the Saudi government decreed the con- 
struction of a second industrial city in 
Yanbu. The city’s origins date back more 
than 2,500 yr when it was used as a stag- 
ing point on the spice and incense route 
from Yemen to Egypt and various coun- 
tries around the Mediterranean.’ This 
sister industrial city to Jubail would be 
smaller, but due to its proximity on the 
Red Sea, would be crucial as an import/ 
export port for the country. Over the next 
several decades, additional hydrocarbon 
processing facilities would be built, in- 
cluding refineries, petrochemical plants 
and other supporting infrastructure (e.g., 
pipelines, storage). 

Today, Jubail and Yanbu are the first- 
and fourth-largest industrial cities, re- 
spectively, in the world.'” FP 
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History of the HPI—The 1970s 


BASF Refinery Catalysts 


BASF Refinery Catalysts: Innovating the future 
from in-situ zeolites to renewable feedstocks 


Global demand for energy today is grow- 
ing rapidly due to an increasing population 
and urbanization, combined with a rising 
middle class. Sources of energy supply have 
evolved throughout human history, and to 
meet society’s needs the global energy sup- 
ply now needs greater diversification and 
sustainability. Since the 1865 founding of 
BASF, the company has been involved with 
organic and inorganic chemistry and the cre- 
ation of innovative products for the petro- 
chemical and the energy industry. 

BASF has supported the refining industry 
with FCC catalysts and additives since 1972, a 
year after launching its gas treatment business 
(OASE®). BASF also provided new innovations 
to refiners which included fuels additives, 
guard beds for sulfur, chloride and fluoride 
removal, SHU catalysts (selective hydrogena- 
tion catalyst), Claus catalysts, dearomatization 
catalysts, and deolefination catalysts. 

The fluid catalytic cracking (FCC) unit 
was a Critical innovation to meet the modern 
world’s energy demand. Donald Campbell, 
Eger Murphree, Homer Martin, and Charles 
Tyson are credited with the landmark inven- 
tion of FCC, which revolutionized the refin- 
ing industry by providing an efficient process 
to increase the yield of high-octane gasoline 
from crude oil. New catalysts were needed for 
the FCC unit to make the process work. 

BASF extended upon our Thermofor cata- 
ytic cracking (TCC) catalyst (also known as 

oving Bed Catalyst) to create a novel FCC 
catalyst product using an in-situ zeolite crys- 
tallization process. Walter Haden and Frank 
Dzierzanowski invented BASF’s unique in-situ- 
zeolite growth technology to produce BASF’s 
FCC catalysts. Their unique catalyst invention 
was awarded a US patent in 1968. In 1972, BASF 
rapidly launched a new production facility to 
introduce this novel technology to the refining 
industry. BASF’s FCC technology enabled the 
industry to capitalize on the emerging design 
trends and new technology designs installed 
in turnarounds and new construction in the 
ate 1970s and until today. Design features 
such as short contact time riser reactors, new 
nozzle atomization designs and close coupled 
cyclone technology were introduced to the 
market, which enabled BASF’s novel high 


SPONSORED CONTENT 


activity FCC catalysts to deliver the perfor- 
mance required in the market. 

The emerging need for increased selectiv- 
ity to propylene and butylene also have been 
supported with new technologies, such as the 
2019 introduction of the multiple framework 
opology (MFT) technology, which resulted 
in Fourte®, Fourtune® and Fourtitude® product 
introductions for butylene selectivity in VGO 
and resid feedstocks. Improved Zeolite Y (IZY) 
echnology enhanced our Distributed Matrix 
Structure (DMS) technology to deliver lead 
ing catalyst activity and improved diffusion 
capability. Recent improvements in metals 
passivation and trapping have resulted in the 
introduction of Valor® for vanadium passiv 
ation and our Boron Based Technology (BBT) 
or nickel passivation. BoroCat®, BoroFlex® and 
Borotec® FCC catalysts are all part of the BBT 
amily of product delivering the novel innova- 
ion for use in resid applications. 

Additionally, BASF has continued to 
deliver innovative additives to meet the per- 
ormance and environmental needs of the 
FCC unit. EnviroSOx® supports SOX emissions 
eductions while our ZIP® and ZEAL” products 
are designed to enhance propylene yields. 
Enable® is our newest CO promoter which also 
has a lower NOx generation profile than typi- 
cal platinum CO promoters. 

The transition to sustainable energy 
requires continued innovation from BASF 
and others to support the FCC unit changes 


1 


r 


as refining remains a key part of the global 
energy portfolio. BASF’s research and devel- 
opment expertise continues to lead the way 
developing new innovative and creative 
catalysts and process solutions to enable 
the use of new alternative feeds - such as 
biomass, bio-oils/ fats, and pyrolysis oils. The 
emergence of regulations supporting decar- 
bonatization have now created an opportu- 
nity in refining to use these more sustainable 
feedstocks and eventually the potential to 
evaluate new carbon capture technologies 
such as OASE” for stack gas carbon capture. 
The increasing use of renewable energy as 
a part of the refining complex also allows 
refiners to consider production of green or 
blue hydrogen to support their hydrogen 
requirements while significantly reducing 
their carbon footprint. 

Meeting the energy needs of the future 
requires a diverse network of refiners, licen- 
sors, experts, and suppliers to work together 
to meet the sustainability and energy chal- 
lenges for our future. At BASF, we create 
chemistry for a sustainable future. 


CONTACT INFORMATION 
Address: BASF Corporation, 

33 Wood Avenue, 

08830-0770 ISELIN, United States 
Email: mark.schmalfeld@basf.com 
Website: www.catalysts.basf.com/ 
refinery-catalysts 
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HP Flashback 
LEE NICHOLS, Editor-in-Chief/Associate Publisher 


Excerpts from the 1970s: Maintenance, 
optimization, safety and digital technologies 


You can predict turbomachinery reliability 
J. S. Sohre, January 1970 

Reliability factor curves have been drawn as a guide to 
probable trouble in components or entire turbomachinery 
systems. Designers can use reliability factors to upgrade weak 
system components. Maintenance can use the factors to pin- 
point probable trouble areas. 


Low-sulfur fuels are different 
C. W. Siegmund, February 1970 

A change to low-sulfur fuel oils can change the require- 
ments for storing and pumping these fuels. Fuels from low- 
sulfur crudes will have a higher viscosity, while desulfuriza- 
tion of high-sulfur stocks will produce lower viscosity but 
higher costs. 


What's ahead for aromatics? 
S. Field, May 1970 

In this decade (1970s), chemicals will require 230,000 bpd 
and gasoline 1 MMbpd of aromatics. Refiners will face new 
problems in butene, xylene and toluene production, conver- 
sion, processing and extraction to meet this demand. 


Refiners face challenges of 1970s 
J. D. Wall, December 1970 

Challenges facing the refining industry will cause shifts in 
locations of refining centers, product distributions and pro- 
cessing styles. Changes will take place to accommodate grow- 
ing demand for more consumer products and chemical feeds. 
The needs are clear. The solutions are less clear. 


A bigger role for cat reforming 
H. L. Hoffman, February 1971 

Catalytic reforming of naphthas to produce aromatics is 
growing at an accelerated pace. The HPI looks to this process 
for aromatics to improve antiknock ratings of motor fuels and 
to furnish feeds for petrochemicals. 


Optimize olefin cracking coils 
J. L. de Blieck and A. G. Goossens, 
March 1971 

Based on simple kinetics and extensive pilot and commer- 
cial plant operations, the radiant cracking coils can be opti- 
mized for product pattern and investment. 


60 JUNE 2022 | HydrocarbonProcessing.com 


Natural gas grows in world use 
J. Salkeld, April 1971 

The U.S. and the USSR have long dominated the use of 
natural gas. Now, with better pipelines and LNG, gas is on the 
move. It is becoming a bigger factor in the energy picture of 
most world areas. The article examines what can be expected 
in the judgment of an authoritative market analyst. 


Synthetic fiber feedstocks 
P. Leprince, July 1971 

Synthetic fibers—nylons, polyesters, acrylics and poly- 
olefins—show growth rates above 10%/yr. With this fiber 
growth and its increasing demand on HPI feedstocks, pres- 
ent data indicates ample raw material supplies with minimum 
supply-demand dislocations. 


How styrene grows in Europe 
July 1971 

From 500 MMbb of styrene converted into plastics in 1960, 
markets have grown to about 2.5 Blb today. A future annual 
growth rate for styrene monomer of 10%-12% is expected. 


Flue gas desulfurization technology 
A. B. Welty, Jr., October 1971 

How do we keep sulfur out of the air? Flue gas desulfuriza- 
tion is one way that many are considering, and a few are trying. 
This article is an analysis of the possibilities for making this ap- 
proach work. It is “must reading” if you have a flue gas problem. 


Wastewater treatment 
M. R. Beychok, December 1971 

Stronger laws and tougher enforcement make design of the 
wastewater treatment system more important, but state-of-the- 
art processes can meet the challenge when properly used by 
the design engineer. 


Better gasoline chromatography 
H. Boer and P van Arkel, February 1972 

Multistage chromatography is used to determine the paraf- 
fin-naphthene-aromatic composition of products in the naph- 
tha boiling range. 


Optimize the ethylene complex 
A. J. Gambro, K. Muenz and M. Abrahams, March 1972 


This article details how planning, optimization and process 
selection can maximize profits for a 1 Blb/yr ethylene petro- 
chemical refinery. 


Can olefins meet’7Os needs? 
R. |. Silsby and N. E. Ockerbloom, March 1972 

To fill a potential world demand of 60 MMIlb/yr by 1980, 
olefins plants must meet these prerequisites and challeng- 
es: plant size, feedstocks, technology, engineering, inflation 
and finance. 


Make SNG from coal? 
G. E. Klingman and R. P. Schaaf, April 1972 

Coal is a vast reservoir of energy that cannot be fully tapped 
until processes are developed for conversion to a useful form, 
such as substitute natural gas (SNG). The race is on to get the 
best process first. This article examines the frontrunners. 


Regenerate reformers continuously 

B. J. Cha, R. Huin, H. Van Landeghem and A. Vidal, May 1973 
Continuous regeneration of catalytic reformers offers an 

economical way to high octanes and high stream factors. New 

units can be designed to which continuous regeneration is 


added later. 


Which heat recovery system? 
A. Mol, July 1973 

Check these pros and cons when selecting integrated vs. 
central waste heat recovery systems for ethylene plants. 


How stable is diesel in storage? 
M. E. LePera and J. G. Sonnenburg, September 1973 

Present specifications may be inadequate to assure suitable 
diesel fuel storage stability. Laboratory tests are compared with 
actual 2-yr storage to judge a more suitable specification. 


Polybutylene—New isotactic polymer 
October 1973 

Polymerizing butene-1 using Ziegler-Natta catalyst to crys- 
tallize polybutylene makes a unique polymer with interesting 
and useful physical properties. 


How to design a plant firewater system 
A. M. Woodard, October 1973 

Industries that process large quantities of highly flammable 
fluids must be protected by well-designed and properly in- 
stalled firewater systems. This article provides the fundamen- 
tal design criteria that must be considered. Included are layouts 
showing a typical process unit fire protection system and a fire- 
water pumping station. 


How to improve compressor operation 
and maintenance 
H. M. Davies, January 1974 

All centrifugal compressors have their own operating and 
maintenance problems. However, these machines can be de- 
signed and built with operation and ease of maintenance in 
mind. This article will provide what to consider when select- 
ing a new compressor. 
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Create by talking with a compute 

G. E. Nevill, Jr., R. A. Crowe and J. R. Charles, Jr., March 1974 
Tie a digital unit to a terminal, program it with the right 

words—then converse with it. The result is an aid to innova- 

tion in which the computer guides process, and the user imple- 

ments ideas. 


How to apply electric motors 
in explosive atmospheres 
R. L. Nailen, February 1975 

Equipment and personnel safety demands consideration 
of all the facts when an electric motor is to be operated in a 
hazardous plant environment. This articles provides guidelines 
that will help avoid many application errors. 


LNG goes worldwide 
J. D. Wall, April 1975 

Continuing planning for new projects is expanding and en- 
larging the role of LNG in the HPI. Many projects are being 
considered, most of which are very involved in scope. 


Ways to hydroprocess resids 
A. G. Bridge, J. W. Scott and E. M. Reed, May 1975 

Residuum processes are compared to show hydroprocess- 
ing is a commercially vialbe way obtain best liquid yields 
while meeting modern environmental criteria. Special con- 
sideration is given to residual desulfurization and vacuum 
gasoil/vacuum residual desulfurization for making low-sul- 
fur fuel oils. 


Reduce relief system costs 
T. W. Whelan and S. J. Thomson, August 1975 

The best way to develop an economical relief system design 
combines a computer program for engineering calculations 
and applied judgment on realistic relieving quantities. 


Startup of a sour gas plant 
D. L. Talley, April 1976 

Everyone has trouble when they startup a new plant. How 
they handle the trouble is interesting and educational for all 
who must do the same thing. This article details Exxon’s re- 
sults in starting up a new gas recovery treating and sulfur 
recovery system. 


From refining to coal gasification: 
New steels for fuel processing 
R. A. Lula, June 1976 

New ferritic stainless steels and austenitic steels with higher 
alloy content have promising corrosion resistant properties for 
oil refining and coal processing. 


Recover energy with exchangers 
J. B. Fleming, H. E. Duckham and J. R. Styslinger, 
July 1976 

There are useful ways to curtail the consumption of exces- 
sive energy in heat exchanger operation. This article details an 
engineer/constructor’s view of the design and application of 
these essential pieces of equipment and how operating com- 
panies can use them to their advantage. 
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Industry Pioneers 
SUMEDHA SHARMA, Technical Editor 


Industry Pioneers: Catalysts, polymer processing 
technology, synthetic lube oils, control systems 


ROBERT WALTON GORE 


Robert W. Gore was an American engi- 
neer, inventor and entrepreneur who is 
best known for his breakthrough inven- 
tion of expanded polytetrafluoroethylene 
(ePTFE). Gore’s discovery that PTFE 
could be transformed into an entirely dif- 
ferent physical state led to a phenomenal- 
ly new direction in material science, re- 
sulting in commercially well-known 
products such as GORE-TEX fabric, a water-resistant and 
breathable fabric known for its applications in sporting and out- 
door activities. Several important products have grown from 
ePTFE such as new electrical cables, industrial filters, medical 
implants, textiles woven from ePTFE fiber for space exploration, 
laminated fabrics for outdoor activities, emergency response, 
defense and ELIXIR guitar strings. 

Gore’s father was a Dupont employee and he often experi- 
mented with DuPont materials in his basement exploring new 
ways to use them. While he was a sophomore at the University 
of Delaware in 1957,' Gore helped his father develop a success- 
ful process to use PTFE to insulate multiple copper conductors 
to create the ribbon cable, a product highly applied in the grow- 
ing computer industry. Gore’s process resulted in the product 
MULTI-TET cable and led his family to found W.L Gore & As- 
sociates in 1958,' operating from the basement of their home. 
The company expanded its capacity with the growing demand 
and applications of MULTI-TET and TETRA-ETCH, a pipe 
thread tape, and Gore earned his first patent as the inventor. Af- 
ter completing his doctorate in chemical engineering, he joined 
W.L. Gore & Associates as the technical and research leader. 
In 1969, while researching a process for stretching extruded 
PTFE into pipe-thread tape, he discovered that the polymer 
could be expanded. Gore's discovery of ePTFE resulted from 
a ‘frustrated hard yank’ after a series of failed experiments to 
stretch heated rods of PTFE by 10%. This serendipitous dis- 
covery was that instead of slow stretching, the application of a 
sudden accelerating yank stretched the PTFE by 800%, creat- 
ing a microporous PTFE that was 70% air. 

Gore’s earned nine patents for his phenomenal work with 
fluoropolymers and was elected to the National Academy of En- 
gineering in 1995 for his technical achievements.” He was also 
awarded the highest award in the United States designated for 
an industrial chemist, the Society for Chemical Industry’s Perkin 


Medal in 2005 and the 2003 Winthrop-Sears Medal, from The 
Chemists’ Club and the Chemical Heritage Foundation, now 
the Science History Institute. 


CHARLES PLANCK AND 
soda dies ROSINSKI 


Charles J. Plank and Ed- 
ward Rosinski invented 
a zeolite catalyst for cat- 
alytic cracking that rev- 
olutionized the petro- 
leum industry by 
increasing the yield of 
is gasoline by 40%? from 
every barrel of oil run through a catalytic cracker. Thermal 
cracking, or the application of heat to petroleum, is the process 
by which the larger molecules “crack” or break down to form 
simpler molecules like those found in commercially useful 
products like gasoline. Plank and Rosinski, while researching 
catalysts for Mobil Oil (now ExxonMobil) in the 1950s,* ideal- 
ized the use of porous clay-like zeolites that bear microscopic 
channels close to the hydrocarbon length as catalysts for petro- 
leum cracking. In 1961, it was discovered that certain crystalline 
zeolites could be combined into a binder and converted into a 
super-efficient cracking catalyst.* Zeolites present superior ac- 
tivity and selectivity at low severity, resulting in significantly 
high gasoline yield. Moreover, the increased yields are obtained 
without increasing gas or coke formation, the undesired by- 
products of cracking. With higher efficiency and fewer process 
risks than traditional methods during those times, their process 
marked a major step forward for the petrochemical industry. 

In July 1960, Plank and Rosinski’s patent “Catalytic Cracking 
of Hydrocarbons with a Crystalline Zeolite Catalyst Compos- 
ite” was submitted and was officially patented on July 7, 1964. 
Mobil named it “Zeolite Y” and used it in commercial processes 
in 1964.* Through the mid-1980s, nearly 35% of U.S. gasoline 
was being produced via zeolite catalytic cracking.* 

Today this catalyst, the first containing crystalline zeolite, 
is extensively used in all cracking units in the U.S. and around 
the world. Although catalysts had long been used in oil refining, 
Plank and Rosinski’s catalyst made a significant impact on the 
efficiency of the cracking process and provided a remarkable 
increase in gasoline yield from crude oil. 

Charles J. Plank was born in Calcutta, India and later moved 
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to Lafayette, Indiana. In 1936, he received a BS degree in math- 
ematics, chemistry and physics from Purdue University.’ He 
later earned an MS degree and in 1942, he received his Ph.D. in 
physical chemistry from Purdue University.° 

In 1941, Plank joined the research department of Socony- 
Vacuum Oil Company, the predecessor of Mobil Oil Corpora- 
tion. He was promoted as a senior scientist in 1970,‘ the highest 
scientific post, at Mobil’s Research and Development Laborato- 
ry. Throughout his career as a scientist and technologist, he was 
awarded 83 U.S. patents and several hundred in other countries.° 

Edward Rosinski was born in Gloucester County, New Jersey 
and aspired to be a chemical engineer while still in high school. 
Upon graduating in 1939, he joined the Vacuum Oil Company 
as a petroleum engineer. After working with a couple of instru- 
ment companies in the interim, he returned to Socony-Vacuum 
as a lab technician in 1947, resumed his education, and in 1956 
received a BS degree in chemical engineering at Drexel.° 

In 1972, he was promoted to senior research associate, the 
company’s second-highest scientific post. Rosinski was awarded 
76 U.S. patents, of which many were in the field of zeolite cata- 
lytic technology.® 

Rosinski and Plank’s paper published in the journal Indus- 
trial and Engineering Chemistry was voted as one of the 12 most 
important papers published in the journal.* In 1979, Plank and 
Rosinski were inducted as the 30th and 31st members of the 
National Inventors Hall of Fame for US Patent No. 3,140,249, 
“Catalytic Cracking of Hydrocarbons with a Crystalline Zeolite 
Catalyst Composite.”* 


ALBERT AMATUZIO 


Albert Amatuzio was a passionate flyer 
and a visionary who invented the first 
synthetic motor oil under his company’s 
name Amsoil Inc. while still serving as a 
squadron commander of the Air National 
Guard. His invention brought synthetic 
lubrication to the automotive market and 
changed both the automotive and lubri- 
cation industries forever. 

Amatuzio’s entrepreneurial bent surfaced at a young age as he 
devised several small ventures to support his family during the 
Great Depression, but his passion for flying led him to join the 
Naval Corps and then the Merchant Marine. In the post-war pe- 
riod, Amatuzio joined the Air Force, earned his wings and after 
a hiatus due to family reasons, joined the Duluth unit of the Air 
National Guard. He served as a fighter pilot for 25 yr and then 
as a squadron commander. He was honored as the country’s top 
pilot, winning the prestigious William Tell Air-to-Air Shootout 
competition and the Earl T. Rick Competitive Shootout.’ 

As a pilot, he gained knowledge about how jet engines sur- 
vived on synthetic oil and envisioned that the same could be 
applied to other vehicles and equipment that people used in 
their daily lives. He believed that the same performance benefits 
would prove invaluable to cars, trucks and other combustion en- 
gines. Oil quality during those times was poor—with problems 
of low heat resistance, contribution to hard-start during cold 
weather and adverse effects on engine life and performance. 
He reasoned from his experience that only synthetic oils could 
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avoid these adverse effects and improve engine performance. 

Amatuzio’s ideas seemed radical and unnecessary at that 
moment. “They all thought I was at altitude too long without 
oxygen,” Amtuzio joked about his skeptics.’ However, with his 
unmatched resilience and tenacity, he dismissed the doubters 
and began his research and development efforts in 1963.” By 
1966, he formulated the first synthetic motor oil and founded 
his company Amsoil.* In 1972, Amsoil’s tagline “The First in 
Synthetics” was launched as AMSOIL 10W-40 Synthetic Mo- 
tor Oil became the world’s synthetic motor oil to meet Ameri- 
can Petroleum Institute’s requirements.* 

Amatuzio had changed the course of the entire automotive 
lubricant industry. His relentless efforts to bring the best choice 
to consumers led him to make AMSOIL a technological leader 
and create the AMSOIL dealer network. His product had met a 
lot of criticism for being unnecessary, disruptive and “fake,” but 
the founding of the dealer network in 1973 conveyed the ben- 
efits of synthetic lubes to consumers. 

In 1994, he was honored as the pioneer of synthetic lubrica- 
tion and inducted into the Lubricant’s Hall of Fame.’ He received 
the Natchman Award from the Independent Lubricant Manutfac- 
turers Association. A community man and a great philanthropist, 
Amatuzio is remembered through the Albert J. Amatuzio Re- 
search Center. The center located in Duluth Depot outlines local 
service history and includes photographs, journals, stories and 
biographies of veterans from northeastern Minnesota who served 
this nation from the Civil War through Iraq and Afghanistan.’ 


STEPHANIE L. KWOLEK 


Stephanie Louise Kwolek, an inductee to 
the National Inventors Hall of Fame and 
National Women’s Hall of Fame, created 
the first family of synthetic fibers of excep- 
tional strength and stiffness. Kwolek spear- 
headed the discovery, processing and de- 
velopment of high-performance aramid 
fibers. Kevlar, the best-known member of 
this class of fibers, is widely used in more 
than 200 applications, including protective bullet-proof vests, 
boats, airplanes, mooring ropes and fiber-optic cables and canoes. 

Kwolek was born in New Kensington, Pennsylvania and was 
encouraged by her naturalist father to develop an early love for 
nature, math and science. She pursued a BS degree in chemis- 
try from the Carnegie Institute of Technology and wanted to 
make a career in medicine." She joined DuPont as a researcher 
at the textile fibers laboratory aspiring to save money for medical 
school. However, her research focusing on creating stronger and 
stiffer fibers was extremely challenging and interesting and led to 
her decision to make chemistry a lifetime career. 

Kwolek was working on developing high-performance fibers 
for extreme applications when she discovered that under certain 
conditions a large number of molecules of rod-like polyamides 
line up to form liquid crystalline solutions, which can be spun 
directly into oriented fibers of very high strength and stiffness. 
With this breakthrough came the development of Kevlar in 
1965, the most acclaimed product of her research—a polymer 
fiber five times stronger than the same weight of steel and her 
discovery of a new branch of polymer science—liquid crystalline 


polymers." Her other noteworthy contributions include a low- 
temperature (0°C-40°C) condensation process for synthetic 
fibers." Unlike the conventional melt condensation polymeriza- 
tion process used in preparing nylon, which was typically done at 
more than 200°C, the new lower-temperature polycondensation 
processes employed very fast-reacting intermediates, making it 
possible to prepare polymers that cannot be melted and only be- 
gin to decompose at temperatures above 400°C. 

Kwolek received over 17 U.S. patents, including one for the 
spinning process for aramid fibers and five for the prototype 
from which Kevlar was created in 1965, and won many awards 
for her invention of Kevlar fiber technology." She was inducted 
into the National Inventors Hall of Fame in 1994, received the 
American Innovator Award in 1994, National Medal of Technol- 
ogy in 1996, the Perkin Medal in 1997 and the Lemelson-MIT 
Lifetime Achievement Award in 1999."! In 2003, she was induct- 
ed into the National Women’s Hall of Fame.’” 

She retired in 1986 but continued to consult for DuPont and 
served on the committees of the National Research Council and 
the National Academy of Sciences.’ 

Kwolek continued to mentor women scientists and contrib- 
uted to science education for young children. One of Kwolek’s 
most cited papers, co-authored with Paul W. Morgan, is “The 
Nylon Rope Trick” (Journal of Chemical Education, April 1959, 
36:182-184)."° It describes a demonstration of condensation 
polymerization in a beaker at atmospheric pressure and room 
temperature—which is now a common demonstration in class- 
rooms across the nation. In 2013, Edwin Brit Wyckoff published 
a childrens’ book telling her story as: The Woman Who Invented 
the Thread That Stops the Bullets: The Genius of Stephanie Kwolek."° 


NATHANIEL WYETH 


Nathaniel C. Wyeth was an American en- 
gineer and inventor who is credited with 
the invention of one of the most conve- 
nient and readily recyclable plastic prod- 
ucts today—the plastic soda bottle. Wyeth 
invented or co-invented about 25 products 
and processes in plastics, textile fibers, 
electronic and mechanical systems.” 

Nat Wyeth was born in Chadds Ford, 
Pennsylvania, into a family of artists but displayed an early inter- 
est in engineering by disassembling clocks and using their parts 
to make model speedboats, cutting up tin cans and soldering the 
pieces to make universal joints, and so on. His family recognized 
the budding inventor's interest and encouraged him. He fol- 
lowed his interests to choose the University of Pennsylvania for 
its engineering program. During college, Wyeth built a 20-ft-long 
hydroplane boat that could reach speeds of 50 mph, resting on 
two pontoons and powered by a Ford V-8 engine.'* He joined 
General Motors upon graduation but soon chanced upon an op- 
portunity to work as a field engineer for DuPont Corporation. 

During his early days at DuPont, Wyeth excelled by invent- 
ing a plug-proof valve for the production machine and was 
transferred to the mechanical development lab. One of the first 
machines he designed was for the automatic manufacture of dy- 
namite cartridges, which saved workers from exposure to poi- 
sonous nitroglycerin powder. Another notable invention was a 
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machine bearing magnetized rollers, employed in the manufac- 
ture of a non-woven polypropylene fabric, Typar®. 

By 1967, Wyeth started working on his best-known inven- 
tion, which began with his curiosity as to why plastic was not 
used for carbonated beverage bottles.'* Wyeth was aware that 
the fabrication process created weak spots in plastic containers, 
and they were therefore incapable of withstanding carbonation 
pressure. He took to hands-on experimentation to discover 
ways to make stronger plastic containers. He knew that stretch- 
ing out nylon thread strengthened it by forcing its molecules to 
align. His challenge was to stretch plastic such that its molecules 
would align in two dimensions, rather than just one—biaxially. 
He succeeded in doing this by creating a preform mold for the 
bottle, which resembled a test tube with screw threads run- 
ning in a diamond criss-cross pattern, instead of single spiral." 
As the plastic was extruded through this mold, the molecules 
aligned biaxially—just as Wyeth had intended. The criss-cross 
flow lines reinforced themselves, creating a uniformly strong 
product. He also replaced the polypropylene that was used 
typically for plastic bottles with polyethylene-terephthalate 
(PET), a polymer with superior elastic properties. He had cre- 
ated a petrochemical product that was light, clear, resilient, safe 
and eminently recyclable and laid the groundwork for future 
process developments in preforming, extrusion and manufac- 
ture of biaxially oriented polymer products. 

Wyeth patented his process in 1973 and though recycling was 
not an avid idea that that time, the first PET soda bottle went 
into recycling soon in 1977.'? Today, recycled PET is widely 
used as synthetic fiber with a major part of it used in making 
polyester carpets: nearly half of the polyester carpet made in the 
US. today come from recycled PET bottles.’* 


RICHARD E. MORLEY 


Richard Morley was an American me- 
chanical engineer and is considered one 
of the ‘fathers’ of the programmable log- 
ic controller (PLC). Morley designed 
the first PLC with his team Mike Green- 
berh, Jonas Landau and Tom Boissevain 
and called it 084, as it was their 84th 
project at Bedford Associates.’° The 

eel introduction of PLCs kicked-off the 
3rd industrial revolution, leading to the development of an en- 
tire industry of digital control solutions. 

In 1964, when Morley was unemployed and working in un- 
interesting design jobs, he decided to pursue his interest in engi- 
neering by starting his own consulting firm with his friend Geo- 
gre Schwenk under the name Bedford Associates. Initially, they 
worked with machine tool firms to help them transition into 
solid-state manufacturing. Eventually, Morley realized that the 
projects he worked on were similar and work became monoto- 
nous. He decided to use his creativity and engineering acumen 
to invent a controller that would automate industrial processes 
with multiple input/output arrangements in real-time and re- 
place hard-wired relay controls. 

During those times, manufacturing facilities were operated 
by relay control systems. Control rooms were large with walls 
full of relays, terminal blocks and wired connections. The main 
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challenges were a lack of flexibility to make process changes 
and the extensive time required to adjust these changes. Mor- 
ley managed to design the functions of a PLC that offered 
advantages of uninterrupted processing, flexibility, fast reac- 
tion time and direct mapping into memory—revolutionizing 
manufacturing process control. The PLC was designed to be 
robust under severe temperature and moisture conditions and 
used large metal fins to transfer out air, keeping electronics dirt 
free. The product was capable of operating as a modular digital 
controller and was hence named Modicon, a brand now owned 
by Schneider Electric.!” 

Morley has been widely recognized in numerous publica- 
tions and awards from the International Society of Automa- 
tion, Instrumentation, Systems, and Automation Society, the 
Franklin Institute, the Society of Manufacturing Engineers and 
the Engineering Society of Detroit.'* He was also inducted into 
the Manufacturing Hall of Fame. The Society of Manufactur- 
ing Engineers offers the Richard E. Morley Outstanding Young 
Manufacturing Engineer Award for outstanding technical ac- 
complishments in the manufacturing profession by engineers 


aged 35 and under." 


ODO JOSEF STRUGER 


Odo J. Stuger, an Austrian engineer and 
scientist, is recognized as the pioneer of 
modern-day automation and shares the 
credit as ‘father of PLC’ alongside Rich- 
ard Morley. During 1958-1960," Sturg- 
er led his engineering team at Allen- 
Bradley in developing the programmable 
logic controller and also coined the acro- 
nym PLC for programmable logic con- 
trollers. Allen-Bradley became the pioneering leader in pro- 
grammable logic controllers in the U.S., and PLC remains a 
registered trademark of the Allen-Bradley Company (now 
Rockwell Automation). 

Struger’s work on PLCs was built upon the concepts studied 
in his doctoral research in “The process for quantitative han- 
dling of positioning errors in numerical control machines,’ at 
Vienna University of Technology.” His invention proved to be 
a ‘rugged industrial computer’ that, through precise numerical 
control of machinery, soon became ubiquitous in manufactur- 
ing environments across the world. 

Struger was born in Carinthia, Austria, and studied at the Vi- 
enna University of Technology. In 1958, he moved to Milwau- 
kee, Wisconsin (U.S.) to work as a research engineer at Allen- 
Bradley. Struger grew within the company and held the position 
of Vice President of technology until retirement in 1998.'? He 
was associated with the development of the National Electrical 
Manufacturers Association (NEMA) standard for PLCs and 
IEC 1131-3 programming language standard. Struger has 50 
patents to his credit in the U.S. and Canada. He received the 
Prometheus Award in 1996, authored more than 40 technical 
papers and is an inductee to the Automation Hall of Fame at the 
Chicago Museum of Science and Industry. To honor Struger’s 
legacy, Rockwell Automation established the Odo J. Struger 
Automation Award for future engineers’ exceptional advance- 
ments in the control and automation fields.” 
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JOHN MOONEY AND CARL D. KEITH 


John Mooney, an Ameri- 
can chemical engineer, 
and Carl D. Keith, a 
chemist, created the 
three-way automotive 
catalytic converter while 
working at Engelhard 
Corporation in 1973 and 
solved a major environmental problem—making automobile ex- 
haust 98% cleaner.” An EPA report recognized this invention as 
one that helped save 100,000 lives and prevent many more cases 
of lung and throat ailments.” Today, catalytic converters are the 
key-emissions control components in automobiles worldwide. 

The earliest catalytic muffler was developed by Eugene 
Houdry as a generic device that could convert carbon mon- 
oxide (CO) and unburned hydrocarbons (UHCs) from auto- 
mobile and industrial exhausts. Houdry launched his company 
Oxy-catalyst and his catalytic converter design was patented in 
1962.” However, fuel still contained tetraethyllead (TEL) as an 
anti-knock agent, which poisoned the catalyst in the converter. It 
took the passing of the Clean Air Act in 1970 and the ban of TEL 
for converters to be recognized and become a piece of standard 
equipment in automobiles. 

Mooney and Keith, while working at Engelhard Corporation 
(acquired by BASF in 2006), developed the three-way catalytic 
converter, where the exhaust gas components are UHCs, and CO 
are oxidized and nitrogen oxides (NO, ) are reduced to water, ni- 
trogen and carbon dioxide (CO, ). The inherent complexity of the 
reaction implied the need for a bulky two-stage converting system. 
Mooney, however, theorized that if the fuel-to-air ratio was cor- 
rect, the exhaust would provide just the right amount of oxygen 
for a one-stage converter to treat all three pollutants at once. 

Equipped with his idea and a ‘can-do’ attitude, Mooney gar- 
nered his supervisor Keith’s support to allow him to convince 
auto manufacturers to include an oxygen sensor to their engines. 
The sensor was intended to monitor fuel-to-air ratio at a level 
where the one-stage converter could function successfully. Volvo 
agreed to the proposal and soon the sensors were successfully 
incorporated into other automobiles, as well. The converter is a 
small can-shaped device that installs at the exhaust pipe under ve- 
hicles. A combination of rare-earth oxides and base metal oxides 
along with platinum and rhodium were used together in the cata- 
lyst. The engine exhaust passes over a specialized honeycomb- 
shaped structure, where a washcoat of catalyst materials acts as 
active sites for reactions. The design ensured an adequate amount 
of oxygen was offered for the oxidation and allowed all three pol- 
lutants to be targeted at once. 

Both Keith and Mooney received the 2001 Walter Ahlstrom 
Prize and earned the National Medal of Technology in 2002 for 
their invention. Engelhard (now BASF) continues to lead the 
development of automotive emissions catalysts. HP 
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J. BUEHLER, Petrogenium, Buehler Consulting, 


Houston, Texas 


Overview of decarbonization pathways for the 
oil and gas and petrochemical industries—Part 2 


This article is the continuation of an 
article detailing the seven pathways to 
decarbonizing the oil and gas and pet- 
rochemical industries. Part 1, published 
in the May issue of Hydrocarbon Process- 
ing, covered sustainability and reviewed 
the following three pathways: green and 
blue hydrogen (H,); biofuels, renewable 
fuels and e-fuels; and the circular carbon 
cycle. This article will discuss the first 
four pathways to decarbonizing the oil 
and gas and petrochemical industries: 

1. Energy efficiency/ 

stopping methane leakage 

2. New technologies 

3. Electrification 

4. Carbon capture, utilization and 

storage (CCUS) technology. 
Additionally, as detailed in Part 1, renew- 
able power is also key to generating green 
H, by electrolysis. 


Pathway 1: Energy efficiency/stop- 
ping methane leakage. Improving 
energy efficiency and stopping meth- 
ane leaks is the cheapest way to reduce 
CO,e emissions and CO,e intensity. If 
plants do not burn or leak the fuel to at- 
mosphere, CO,¢ is not produced and the 
organization saves on the cost of the fuel 
(i.e. a win-win situation). 

Some energy projects will have a 
negative cost of CO, capture, after con- 
sidering the capital expenditure cost, 
and the variable and operational costs. 
Capital energy projects can have less 
than a 2 yr-3 yr payback, while mainte- 
nance projects can achieve payback in 
just 2 mos—3 mos. 

Conduct an energy and greenhouse 
gas (GHG) study at your plant. Opera- 
tors should use their internal company 


specialists, or an outside energy process 
consultant, to obtain an independent 
review of the facility for a fresh look to- 
ward identifying any possible overlooked 
energy/GHG reduction opportunities. 
This study should be structured us- 
ing process unit-specific checklists, and 
should identify opportunities, conduct 
a high-level estimate of potential en- 
ergy/GHG savings, estimate the cost of 
projects, and develop a prioritized list of 
energy/GHG improvement opportuni- 
ties. Quick-win projects, along with proj- 
ects that could be accomplished during 
the next turnaround, should be flagged 
for early implementation. Savings from 
quick-payback projects can be used to 
fund additional energy projects. 

An energy and GHG reduction study 
should focus on the following items: 
process optimization, equipment perfor- 
mance and utility system optimization. 

Process optimization. Process op- 
timization includes the following focal 
points: 

e Distillation: Optimize 
pumparounds, avoid over 
refluxing, utilize advanced process 
control to meet specifications 
and minimize product giveaway, 
and optimize column pressure 
and feed temperature. 

Reactions: Optimize H,:oil 

ratios and yield vs. energy vs. run 
length, and catalyst selection. 

Heat recovery: Use pinch analysis 
to identify opportunities to recover 
process heat lost to air or cooling 
water. Use a heat pump to upgrade 
low-temperature waste heat to a 
useable heat source—this process 
can recover 2-3 times the energy 


required by the heat pump. 
Use an organic Rankine cycle 
to convert waste heat to electricity. 
Stop methane leakage by 
conducting surveys and fixing 
leaks. The use of drones can 
help with inspection work. 
Use online, real-time monitoring of 
energy key performance indicators 
(KPIs) available to operators. 
Monetize the financial gap between 
the current operation and the 
previously demonstrated best 
performance. Operators should 
use advanced process control, 
optimizers and digital twins. 
Stop continuous flaring, and revise 
procedures to minimize flaring 
during startups and shutdowns. 
Equipment performance. The fol- 
lowing steps can be taken to enhance 
equipment performance: 
e Improve fired heater efficiency 
by monitoring stack temperatures 
and excess air, adjusting burners, 
cleaning the convection section 
and repairing air preheaters. A 
2% oxygen reduction in stack 
flue gas equals a 1% efficiency 
improvement. A 20°C reduction 
in stack temperature (with 
reasonable excess air) equates to 
a 1% efficiency improvement. 
Monitor vacuum improvements 
on condensing turbines. An 
improvement of 1.2 in. Hg (0.6 psia) 
equates to a 5% improvement. On 
a large 250,000-Ib/hr condensing 
turbine, a 5% improvement saves 
more than $850,000/yr in fuel 
cost (natural gas at $6/MMBtu, 
boiler efficiency of 85%). 
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e Calculate steam turbine 
isentropic efficiency (steam 
temperature in vs. temperature 
out). Consider replacing small, 
inefficient (30% efficiency) steam 
turbines with motor drives. 

e Minimize compressor recycling by 
using suction throttling, inlet guide 
vanes, variable frequency drive 
motors, reciprocating compressor 
variable pocket unloaders 
and re-rotor compressors. In 
addition, personnel should 
check the inlet temperature to 
the compressor stages and clean 
interstage heat exchangers. 

e Optimize the operation of parallel 
compressors to avoid having 
excess recycle—this can occur in 
LNG and gas processing plants. 

Utility system optimization. The 

following recommendations can help op- 
timize a plant’s utility system: 

e Utilize a steam header ladder 
diagram to obtain an overview of 
steam demand at each pressure 
level, which utility boilers and 
turbines are operating, and 
steam letdowns (high pressure to 
medium pressure to low pressure). 
In addition, optimize the use of 
steam letdown turbines to recover 
mechanical energy lost through 
pressure control letdown valves. 


1% Miscellaneous 


19% coal 
20% Renewables 
20% Nuclear 
40% Natural gas 


FIG. 4. U.S. power generation by source, 
2020. Power generation totaled 4.12 T KWh. 
Source: U.S. EIA. 


2% Geothermal 
7% Biomass 
14% solar 
31% Hydro 
46% wind 


FIG. 5. U.S. utility-scale electricity generation by 
renewable sources, 2021. Total renewable power 
generated was 826 B KWh. Source: U.S. EIA. 
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e Eliminate low-pressure steam 
venting by replacing pump 
turbine drivers exhausting to 
the low-pressure steam header 
with motor drives. If a motor is 
in critical service, keep a spare 
turbine on hot standby with its 
casing and inlet/outlet lines hot. 

e Remember that a steam trap/ 
leak program can pay for itself 
in less than 6 mos. Operators 
should also fix air header/air 
compressor leaks and shut down 
rental diesel air compressors. 

e Consider installing a cogeneration 
unit if more steam is needed or if 
old boilers need to be replaced. 


Pathway 2: New technologies. When 
it is time for a major maintenance turn- 
around or debottlenecking project, plant 
owners should consider using the lat- 
est technologies. This can range from 
re-rotoring compressors and upgrading 
turbines to using higher-capacity trays in 
columns or higher-efficiency heat trans- 
fer equipment. The following is a partial 
list of technology items to consider: 

e For new grassroots projects, 
seek new technologies that 
provide higher yields and 
reduced energy consumption, 
instead of replicating an existing, 
older, less-efficient design. 

e For revamps or new units, use new 
improved catalysts to increase yield 
and reduce recycle, thus reducing 
energy and GHG intensity. 

e For the electrification of 
compressor drivers on offshore 
platforms, use offshore wind 
or onshore green power. 

e Install once-through steam 
generators (OTSGs) on open- 
cycle gas turbines to recover gas 
turbine exhaust heat. The light 
weight and small footprint of 
OTSGs allow for retrofitting. 

e Use a divided wall column 
(which uses one distillation 
column instead of two columns) 
for reduced capital and 
operational expenditures. 

e Install heat pumps on columns 
separating close boiling 
temperature components 
(e.g., ethylene/ethane splitter, 
propylene/propane splitter). 


e Using a low-emissions cracking 


furnace designed to shift more 
fired duty into process heating 
in the firebox and generate less 
steam in the convection section, 
can reduce fuel requirements by 
30%. Reduced steam production 
provides the opportunity to 
replace condensing steam 
turbines with efficient motors 
using renewable power. 

e Use new monoethylene glycol 
(MEG) technology, such as a 
proprietary MEG process? that 
reduces steam usage by 20%. 

+ Utilize new propylene oxide (PO) 
processes, such as a proprietary 
PO process“ that reduces energy 
usage by 35% and wastewater by 
70% vs. existing PO technologies. 

e Use new ethylene processes 
(e.g., methanol-to-olefins, 
oxidative coupling methane). 

e Utilize the Allam-Fetvedt cycle for 
power generation (e.g., an oxy- 
fired gas turbine using a super- 
critical CO, cycle, where CO, 
offtake is ready for CO, pipelines). 
This creates clean power with 
no net carbon to atmosphere. 


Pathway 3: Electrification with re- 
newable power. In 2020, electrical gen- 
eration in the U.S. accounted for 32% of 
CO, emissions from the burning of fossil 
fuel. Electrification of process equipment 
and transportation vehicles using renew- 
able power will be critical to reducing CO, 
emissions. Renewable power has no CO, 
footprint, and includes solar photovol- 
taic (PV) systems, as well as concentrated 
solar, onshore and offshore wind, hydro- 
electric and geothermal systems. Nuclear 
power also has no CO, footprint. One 
MWh of electricity will power approxi- 
mately 200 homes on a hot summer day. 
According to the Center for Climate 
and Energy Solutions, approximately 29% 
of global electricity generation was pro- 
duced via renewables in 2020. Also in that 
year, electric power in the U.S. was gener- 
ated from natural gas (40%), renewables 
(20%), nuclear (20%), coal (19%) and 
miscellaneous (1%)—and that year was 
also the first year in which renewable pow- 
er constituted a larger market share than 
coal power (FIG. 4). In 2021, most of the 
installed utility-scale power generation in 
the U.S. from renewable sources was wind 
(46%), followed by hydro (31%), solar 


(14%) and biomass (7%) (FIG. 5). Future 
installed power generation will be pre- 
dominately solar and onshore/offshore 
wind. Renewable power can be used in an 
electrolyzer to convert water to green H, 
and oxygen. H, is another key decarbon- 
ization pathway, which was discussed in 
Part 1 of this article.” 

Renewable power is not available at a 
constant supply rate, so power grids must 
be upgraded to accept fluctuations in re- 
newable power supply. Solar is not avail- 
able at night, and is reduced on cloudy 
days. Wind also varies between day and 
night, and from summer to winter. Hydro 
varies with the seasons. Over a year, the 
utilization of installed capacity for solar 
was 20%-28%, for wind 35%-40% and 
for hydro 35%-45%.” 

Energy storage is required to stabilize 
the grid and maximize the use of renew- 
able energy. Batteries can store excess re- 
newable power during the day and then 
release this power into the grid at night. 
Significant research in battery energy 
storage systems is ongoing. Challenges 
include the amount of power that can be 
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stored (which is limited by battery size 
and weight), and the amount of the dis- 
patch rate of the power back into the grid 
when there is sudden demand. Lithium- 
ion batteries are most used in electric vehi- 
cles (EVs). Flow batteries are an emerging 
technology being developed for storing 
renewable energy. Flow batteries contain 
a water-based electrolyte liquid that flows 
between two separate tanks within the 
battery. When charged, a chemical reac- 
tion occurs that enables the energy to be 
stored and subsequently discharged. 

In addition to batteries, other meth- 
ods for storing excess renewable power 
when grid demand is reduced include the 
following: 

e Compressing air in underground 

storage domes for later 
use to drive turbines 

e Pumping water to elevated 

storage, to be used later to 
drive hydropower turbines 

e Utilizing molten salts 

for thermal storage 

e Using electrolyzers for 

green H, generation. 


It will be imperative to upgrade and 
expand the U.S. electrical grid to supply 
remotely generated renewable power to 
urban areas that need power. To mini- 
mize line loss (which can be 2%-4%), 
high-voltage direct current cables can be 
used. Reduced transmission line loss will 
decrease capital expenditures and im- 
prove efficiency. Smart power grids will 
provide real-time knowledge of power 
generation status, along with consump- 
tion balance and the impact of this power 
on the grid. They will also enable opera- 
tors to instantly optimize available re- 
sources to stabilize the grid. 

The cost to install solar and wind gen- 
eration technologies has dramatically 
reduced. Capital expenditures for utility- 
scale solar and wind power are competi- 
tive with gas-fired combined-cycle power 
plants. Utility-scale renewable power has 
a large footprint requiring a lot of land. 
Solar PV systems need approximately 
five acres of land to generate 1 MW of 
electricity (18% efficiency). 

A land-based wind farm would require 
approximately 60 acres to generate 1 MW 
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TABLE 1. CO, reduction by using renewable power vs. generation from fossil fuels 


Kg CO,/ CO, for 100-MW 
MWh generated power plant, tpy 
Modern combined-cycle power plant (64% efficiency) 283 248,000 
Natural-gas-fired, open-cycle peaking plant 532 466,000 
at 34% efficiency 
Coal-fired power plant (100 kg CO,/1 MMBtu coal) 1,040 911,000 


at 34% plant efficiency 


of power. Only 3% of the land is occupied 
by turbines, leaving the rest of the land 
for farming and grazing. The layout of the 
wind turbines is critical to avoid second- 
ary air from nearby turbines.” Land-based 
wind turbines presently have a capacity of 
3 MW, which will increase to 6 MW as 
technology improves. With more favor- 
able winds, offshore wind turbines will 
have a higher capacity that can be scaled 
up to 17 MW by 2030. An offshore 
wind turbine can have a rotor diameter 
of 170 m. Large offshore wind farms are 
being developed in the North Sea and are 
planned for installation off the northeast 
coast of the U.S. (i.e., Massachusetts, New 
Jersey and New York). One beneficial fac- 
tor is that offshore oil/gas platform tech- 
nology can be applied to offshore wind. 
Integrated oil and gas companies are in- 
vesting in both solar and wind generation. 

Solar PV systems and wind turbines 
are unable to supply all the green power 
required, so there will still be a role for 
nuclear power after 2035. Development 
work on the next generation of nuclear 
reactors is ongoing. For example, NuS- 
cale is developing a small modular nucle- 
ar reactor, which is a light water reactor 
that does not need pumps for circulating 
reactor cooling water. TerraPower is de- 
veloping its Natrium reactor, which is a 
sodium-fast reactor combined with mol- 
ten sodium salt heat storage. 

Oil companies are moving into the 
generation and direct sale of renewable 
electricity to customers. Electrification 
of transportation vehicles—such as cars, 
trucks and trains—is a key pathway for 
reducing Scope 3 emissions resulting 
from the burning of gasoline and diesel. 
In the U.S., the Biden administration has 
set a goal for half of all new vehicles sold 
in 2030 to be zero-emissions vehicles, 
including battery electric, plug-in hy- 
brid electric, or fuel cell electric vehicles 
(FCEVs). By 2035, General Motors plans 
to stop making internal combustion 
cars. The installation of electric charg- 
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ing stations along major highways, and 
at homes and workplaces, will be nec- 
essary to achieve these goals—and ac- 
complishing this will constitute a major 
capital expenditure. 

According to the U.S. Environmen- 
tal Protection Agency (EPA), 1 gal of 
gasoline contains 33.7 kw of energy and, 
when burned, generates 8.87 Kg CO,,”’ 
If one person drives 20,000 mi/yr with 
a 35-mpg car, they will generate 5 tpy of 
CO.. If a subdivision has 200 EVs using 
renewable power, CO, can be reduced by 
1,000 tpy. Note: If green power is gener- 
ated and converted to H, for use in an H, 
FCEV, CO, is reduced by only 42% vs. us- 
ing green power directly in a battery EV. 
A battery EV will average 3.5 mi/kWh. If 
a person drives 35 mi, 10 kWh of electric 
power is used. If power costs $0.13/kWh, 
this equates to $1.30. Driving 35 mi in a 
gasoline vehicle would use 1 gal of gaso- 
line at a cost of approximately $3/gal. In 
this example, using an EV would save the 
driver $1.70. 

TABLE 1 shows the CO, reduction im- 
pact of using renewable power vs. three 
current methods of electrical generation. 
Using 100 MW of renewable power will 
reduce CO, emissions by 248,000 tpy vs. 
a combined-cycle power plant; 466,000 
tpy vs. a natural-gas-fired, open-cycle 
gas turbine peaking plant; and 911,000 
tpy vs. a coal-fired plant. The impact of 
phasing out coal and open-cycle natural 
gas plants (which have no gas turbine 
heat recovery) with renewable power 
is clear. Blending 20% H, (vol%) into 
natural gas as fuel for a combined-cycle 
plant will reduce CO, emissions by 
approximately 7%. 

Industrial opportunities for electri- 
fication to reduce Scope 1 and Scope 2 
CO,e emissions include: 

e Switching condensing turbines 

to electric drives, considering the 
impact on steam and fuel balances 

e Replacing old and inefficient steam 

turbines that cause low-pressure 


steam venting with electric drives 
e Using electrically driven heat 
pumps to upgrade unusable low- 
level heat to a higher usable level 
e Switching medium-temperature 
fired heaters to electric power, 
and switching out larger heaters 
to use green H, as a fuel 
e Replacing open-cycle gas 
turbine drives in LNG plants 
with large electric drives 
e Replacing the gas turbines on 
offshore platforms with electric 
motors that use renewable power 
from offshore wind turbines and 
land-based renewable power 
e Electrifying ethylene plants, 
using motor-driven cracked gas 
and refrigeration compressors. 
Ethylene crackers are a large source 
of CO, emissions. Replacing the large 
thermally inefficient condensing steam 
turbines with electric drives reduces the 
need for steam generation. The cracker 
furnaces are the primary source of CO, 
emissions in an ethylene plant. Adding 
air preheat and redesigning the furnace 
to recover more of the heat in cracking 
coils and to produce less steam in the 
convection section can reduce furnace 
fuel usage by 30%.” Work is ongoing to 
replace steam cracker furnaces with elec- 
trically heated furnaces. Earlier this year, 
pilot-scale testing began of a roto dynam- 
ic reactor that could replace the cracking 
furnace. The roto dynamic reactor uses 
electrically powered rotor blades that 
transfer mechanical energy into thermal 
energy in just nanoseconds, thus reduc- 
ing the reactor residence time—this can, 
in turn, increase ethylene yield.” 
Renewable electricity can also be used 
to produce green H, which can be used 
to hydrogenate biofeedstocks to produce 
biofuels. Green H, can also be used to 
make synthetic fuels or e-fuels with a low 
carbon footprint through the e-chemis- 
try of Power-2-X (P2X) conversion tech- 
nology. P2X technology reacts green H, 
with CO, to produce gaseous fuels [H,, 
methane (CH,)] or liquid fuels [metha- 
nol, synthetic fuels, sustainable aviation 
fuel (SAF)] and chemicals [ammonia 
(NH,)]. The reaction of green H, with 
captured CO, to produce syngas for use 
in Fischer-Tropsch chemistry to make e- 
fuels was discussed in Part 1 of this arti- 
cle, which was published in the May issue 
of Hydrocarbon Processing. 


Pathway 4: CCUS technology. Anoth- 
er pathway to decarbonization is through 
CCUS. This technology plays a key role 
in decarbonizing H, produced by steam 
methane reforming (SMR) to produce 
blue H,. Carbon capture is also key to 
capturing CO, in processes (such as nat- 
ural gas, ethylene oxide, ethanol and H, 
production) that produce streams of high 
CO, concentration. Additionally, CCUS 
is instrumental in reducing CO, emis- 
sions in the hard-to-decarbonize steel 
and concrete industries. 

The oil and gas industry is a leader in 
developing and deploying CCUS tech- 
nology. In 2020, global anthropogenic 
(human-made) CO, emissions totaled 34 
gigatons, with only 40 megatons (0.12%) 
being captured.*° Oil and gas operations 
captured 70% of the CO, emitted. The 
oil and gas industry has the capability to 
implement CCUS on a large scale. De- 
pending on the success of implementing 
the other decarbonization pathways, the 
International Energy Agency (IEA) esti- 
mates that CCUS may be needed to cap- 
ture as much as 7.6 gigatons/yr of CO, to 
meet 2050 global net-zero goals. 

In the U.S., the 45Q tax credit provides 
an incentive to install CCUS at $35/t 
for CO, used for enhanced oil recovery 
(EOR) and at $50/t for CO, that goes 
into storage. These incentives are not large 
enough for capturing CO, in diluted CO, 
streams. Depending on oil prices, drill- 
ers may pay $20/t-$30/t for CO, used 
in EOR. CO, capture cost ranges from 
$30/t-$40/t for streams with high CO, 
concentrations and can cost $60/t-$90/t 
for CO, captured from fired heater flue 
gas, where CO, content is only 8%-10%. 

The cost to capture CO, in natural- 
gas-fired power generation ranges from 
$60/t-$90/t. Adding carbon capture 
and storage (CCS) to a combined-cycle 
power plant derates net power output by 
12%-15%. Derating is the result of the 
heat required to regenerate CO, absorber 
solvent (2 Gj/t CO,) and power for CO, 
compression (200 kWh electricity/t 
CO,). Note that 2 Gj/t CO, is roughly 
equivalent to 1 t steam/1 t CO,.34 There 
are three primary methods of CO, cap- 
ture from combustion: 

e Post-combustion: This method 

includes burning fuel (CH, is 
used in examples) and capturing 
CO, ina fired heater stack. Flue 
gas contains 8%-9% CO,, 70% 
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nitrogen, 18% water and 2%-3% 
oxygen at atmospheric pressure. 
Note: A gas turbine’s exhaust 
without duct burner firing 
contains only 3%-5% CO,. Post- 
combustion capture uses chemical 
solvents, such as hindered amines. 
Net CO, removed from flue gas 
capture is about 90% of the actual 
CO, captured, since absorber 
solvent regeneration and CO, 
compression have a CO, footprint 
that reduces the actual CO, 
removed from the atmosphere. 


e Oxy-firing system: This system 
involves burning CH, fuel with 
oxygen (supplied from an air 
separation unit) in a fired heater. 
Flue gas contains CO, and water 
but no nitrogen. No CO, capture 
unit is required. Compressing flue 
gas removes water to produce a 
pure CO, stream. Personnel must 
seal leaks in the convection section 
to keep it from sucking in air, which 
will add nitrogen in the flue gas, 
leading to the captured CO, being 
off specifications. 


Post-combustion capture 


Flue gas 
CCS 
Amine capture 
C0,, H,0, and N, 


Fuel CH, 
a—— YA 


Air N,, 0, 
— | 


Boiler 


CH, +2 02 = (0, +2H,0 


Oxy-firing for capture 
Flue gas 


(0, 


CO, compressor 
C0,, H,0 and no N, 


Fuel CH, 


Boiler 


Oxygen from ASU 


Air separation unit 


Reaction C0, 60% recovery 


Pre-combustion 
capture “A” 
(0,, H, 
Reformer (SMR)/shift 
reactor 


Heat input to reformer 


CH, +20,=(0,+2H,0 


H,0, N, and no C0, 


Flue gas 


Air N,, 0, 


(0,, Hz 2H, +0,=2H,0 


= Tait gas to fuel Pre-combustion capture 


SMR reaction CH, + 2H,0 = C0, + 4 H, 


60% CO, capture with just unit A 

90% capture with unit A and B or one large unit B 
Alternative is unit A and use product H, to fuel firebox 
if burned H, in firebox, then get 100% recovery 

but reduced H, production 


Fuel CH, or H, Reformer firebox 


Firebox C0, 40% recovery 
with no unit A and larger unit B can get 90% recovery 


Firebox flue gas 
“pI 
Flue gas low C0, CO, capture “B 


FIG. 6. Three methods to capture CO, from combustion. 
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e Pre-combustion: If H, is burned 
in a fired heater, the flue gas 
contains no CO,; therefore, 
no CO, capture is required for 
the heater. The fuel is sent to a 
reformer, followed by a water- 
gas shift reaction to convert 
the fuel into H, and CO,. The 
CO, is then captured at the 
reformer outlet (higher % CO, 
and higher pressure makes CO, 
easier to capture than from 
flue gas) by using a physical 
solvent in an absorber (see “A” 
in FIG. 6). The process, with the 
CO, removed, proceeds from the 
reformer’s outlet to a pressure 
swing adsorption (PSA) unit 
that recovers pure H,. The PSA 
tail gas goes to the fuel system. 
Reforming is an endothermic 


reaction requiring heat. In an SMR 


unit, 60% of CO, is generated by 
the reformer/water-shift reaction, 
and 40% is from the reformer’s 
firebox, which generates the heat 
required for the reaction. The CO, 
absorber on the reformer’s outlet 
will recover approximately 60% of 
the produced CO,. To recover the 
remaining amount, a second CO, 
absorber (marked “B” in FIG. 6) on 
the firebox flue gas stream would 
need to be added to obtain a 90% 
CO, capture. An alternative is to 
fuel the firebox with H,—which 
produces no CO, but reduces H, 
production. Installing a single, 
large CO, absorber on the firebox 
flue gas (B) may be more cost 
effective. An alternative to the 
reformer is to use an auto thermal 
reformer (ATR) to produce H.. 
An ATR oxidizes (burns) part 

of the CH, feed in the reactor to 
generate the required reaction 
heat, thereby eliminating the 
need for a firebox. The ATR 

uses oxygen from an ASU as an 
oxidant, so there is no nitrogen 

in the outlet of the reactor. The 
remainder of the ATR outlet is H, 
and CO,, which can be separated 
like a basic reformer, using a CO, 
absorber or a PSA unit. Using 
partial oxidation of methane with 
carbon capture is another route 
to produce H, for fueling a fired 
heater. FIG. 6 shows a high-level 
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schematic of the three methods to 
capture CO, from combustion. 

CO, is captured and removed from 
process streams by either chemical ab- 
sorption or physical separation. Chemi- 
cal absorption involves a chemical re- 
action between the amine solvent and 
CO,, and requires the regeneration of 
the solvent—1 t steam/1 t CO,, which is 
equivalent to 2 Gj/t CO,. Physical sepa- 
ration can include either adsorption, 
absorption, cryogenic separation, or 
dehydration and compression. Physical 
adsorption uses solid surfaces like zeo- 
lites, metallic oxides, alumina or activat- 
ed carbon. After the CO, is captured by 
the physical adsorbent, the CO, is then 
released by cycling temperature in tem- 
perature swing adsorption (TSA), pres- 
sure in a PSA unit, or vacuum in vacuum 
swing adsorption. Physical absorption 
utilizes liquid solvents that are regener- 
ated by flashing the solvent to a lower 
pressure in the regenerator, which does 
not require steam, thus resulting in less 
energy being used.” 

Significant research is being conduct- 
ed to reduce CO, capture costs in CCUS. 
The U.S. Department of Energy’s Car- 
bon Negative Shot initiative seeks to re- 
duce the cost of CO, removed from the 
atmosphere to less than $100/t by 2030 
via either direct air capture or by help- 
ing forests, agriculture and energy crops 
capture and store CO,. Additional ongo- 
ing CCUS research includes: 

e Absorption with chemical solvents 
(hindered amines) to lower costs 
by reducing the energy required 
in the solvent regenerator for 
aqueous solvent regeneration 

e Absorption with physical solvents, 
which can be regenerated with 
vapor flashing and without 
requiring steam (resulting 
in lower energy usage) 

e Utilization of other non-aqueous 
or water lean solvents to reduce the 
energy required for regeneration 

e Adsorption onto solids, hydrated 
solid sorbents and metals with 
thermal or vacuum swing 
adsorption (solid adsorbents 
can withstand higher gas 
temperatures than solvents and 
can avoid solvent degradation) 

e Direct air capture, as the low 
CO, concentration in air at 420 
ppm (0.042%) vs. flue gas at 9% 


is a challenge (direct air capture 
requires processing 214 times 
larger volume of air to remove 
the same amount of CO, as flue 
gas capture, requiring large air 
contactors, like cooling tower 
units with air flowing up through 
packing where it contacts a 
solvent or solid adsorbent) 

e Cryogenic separation of CO, 
from H, on the outlet of a 
steam methane reformer 

e A process for growing algae 
to absorb CO, from air 
(photosynthesis), and then 
converting algae oil to biofuels. 

Large-scale CCUS installations using 
chemical solvent absorber technology 
are proven to be effective with 1-MMt- 
py to 3-MMtpy CO, capture trains 
[e.g., Boundary Dam in Saskatchewan, 
Canada; Petra Nova in Houston, Texas 
(U.S.); QUEST in Alberta, Canada 
on a H, steam methane reformer (1.1 
MMtpy); and LaBarge, Wyoming (U.S.) 
in a sour gas treating plant (6 MMtpy). 
CO, must be compressed to 100 bar for 
pipeline and underground storage. To 
prevent carbonic acid corrosion in CO, 
pipelines, there are tight specifications 
on oxygen at 50 ppm and on water at 20 
ppm. Because of the high capital expen- 
ditures of CO, capture units, pipelines 
and CO, storage areas, a “hubs and clus- 
ters” concept is necessary to obtain suf- 
ficient CO, volumes for an economically 
efficient project. 

There will be a need for regional CO, 
pipelines to collect CO, and then to ei- 
ther provide it as a feedstock or deliver it 
to storage. This activity will see competi- 
tor companies working together to jointly 
reduce their CO, emissions. Several CCS 
pipeline projects have been announced 
in the UK and near Rotterdam/North 
Sea. In the U.S., discussions are ongoing 
for a CCS network to be developed in the 
Houston Ship Channel to capture up to 
100 MMtpy of CO, by 2040 and to store 
it offshore in the Gulf of Mexico. Addi- 
tionally, Talos Energy has announced 
plans to develop CO, pipelines and stor- 
age along the Mississippi River corridor 
in Louisiana and on the Texas Gulf Coast. 

CO, storage can include under- 
ground saline reservoirs, depleted oil 
and gas reservoirs, porous rock, subsea 
or basalt. When CO, is stored, the opera- 
tor must measure, monitor and verify the 


CO,. No CO, leakage can occur to atmo- 
sphere or into adjacent underground 
structures. For any new grassroots facil- 
ity, a study should be done to identify 
potential nearby CO, storage locations. 

Some uses for CO, include EOR 
(which uses 0.3 t CO,/bbl-0.6 t CO,/ 
bbl), along with processes for freeze dry- 
ing of food, carbonization of beverages, 
production of urea to make fertilizer and 
enhanced photosynthesis in greenhous- 
es. Growing biofuel feedstocks (energy 
crops) are an effective way to remove 
CO, from the atmosphere and to pro- 
duce low-carbon biofuels. 

Captured CO, can be reacted with 
green H, made from renewable power to 
produce synthetic fuels with a low CO, 
footprint (i.e., P2X or CO, e-chemistry). 

Nature captures CO, from the at- 
mosphere by photosynthesis, which 
converts CO, and water to oxygen and 
glycose by electron transfer. Research is 
ongoing to develop electrochemical cells 
that will replicate and accelerate this elec- 
tron transfer by using electrolysis to pro- 
duce synthetic fuels and chemicals. In an 
electrochemical cell, a catalyst embedded 
in the cathode will reduce CO, to carbon 
monoxide or other products on one side 
of the cell. On the other side, the anode 
oxidizes water from the electrolyte to 
produce oxygen. This is a promising path 
for using renewable power and captured 
CO, to produce chemicals and fuels.*” 


Takeaways. The oil and gas industry is 
rebranding itself as an energy provider, 
and is transitioning to selling low-car- 
bon-intensity energy products that in- 
clude renewable wind and solar power, 
green and blue H,, low-carbon LNG, 
biofuels, renewable diesel, e-fuels, e-gas- 
oline and SAF. 

Improving energy efficiency and stop- 
ping methane leakage are the cheapest 
ways to reduce CO, emissions. For new 
facilities or major plant expansions, proj- 
ect developers should consider incorpo- 
rating new technologies that have better 
energy efficiency and lower carbon in- 
tensity. For major turnarounds requiring 
catalyst changeouts, operators should 
consider newer formulated catalysts for 
higher yields and lower energy intensity. 

The pathways to reduce Scope 1 and 
Scope 2 CO, emissions include: 

1. Energy efficiency/stopping 

methane leakage: Improving 
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efficiency in existing and new 
facilities by maintaining energy 
recovery equipment, stopping or 
minimizing routine flaring (such 
as minimizing flaring on startups 
and shutdowns), and identifying 
and stopping methane leakage 

2. New technologies: Using 
new process technologies and 
catalysts to improve yields 
and reduce energy intensity 

3. Electrification: Electrifying 
process equipment; using 
renewable electric power 
(e.g., wind, solar, hydro and 
nuclear power); and investing 
in battery storage, and in using 
and selling renewable power 

4. CCUS: Incorporating cost- 
effective CCUS technology, 
joining regional CCUS networks 
and using captured CO, in 
e-chemistry to produce e-fuels 

5. Green and blue H,: Producing, 
utilizing and selling low- 
carbon H, as well as using 
H, as an energy carrier 
and to produce e-fuels. 

Pathways to reduce Scope 3 emissions 
for the oil and gas industry include pro- 
ducing and selling energy products with 
low-carbon intensities, such as: 

6. Biofuels, renewable fuels and 
e-fuels: This includes producing 
renewable diesel, SAF, synthetic 
fuels, e-gasoline, low-carbon 
LNG and renewable electricity, 
as well as green and blue H,. 

The seventh pathway will help reduce 
Scope 3 emissions from petrochemicals 
production: 

7. Circular carbon pathway: 

This pathway includes recycling 
plastics by either mechanical 
reprocessing or chemical means 
( pyrolysis, gasification) j using 
renewable feedstocks like 
bio-naphtha, hydrogenated 
vegetable gasoil (diesel) and 
plastic pyrolysis oil to produce 
the base chemicals ethylene 
and propylene; and producing 
synthetic chemicals, such as 
ethanol and methanol, by using 
renewable H, and captured CO,,. 

The good news is that the oil and 
gas and petrochemical industries have 
the technology and assets needed for 
offshore wind turbines, blue/green H, 


production, and CO, capture and stor- 
age. They also have the refinery units and 
technology to produce renewable fuels. 
These industries are prepared for the 
journey to complete this crucial energy 
transition to a lower-carbon world. FP 


NOTES 
> Shell’s OMEGA process 
° BASF and Dow Chemical Co-s hydrogen peroxide 
to PO (HPPO) technology 
4 According to Buehler Consulting, a 15% reduction 
is based on 2 Gj/t CO, to regenerate solvent, and 
on 200 kWh electricity/t CO, for compression 
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Sophisticated analytics build sustainability 
for renewable diesel projects 


Anyone studying the development 
of the hydrocarbon processing industry 
over the last century will likely admire 
how far technologies have advanced, par- 
ticularly considering the tools that were 
available in the industry’s early years. 
Many clever people have made discov- 
eries and incremental advances, driving 
the industry forward to where it is today. 
Moreover, the larger petrochemical and 
chemical industries have advanced in 
parallel, benefiting each other. 

While technologies developed during 
the last decade represent enormous ad- 
vances from what was available through- 
out much of the industry’s history, one 
cannot help but wonder if developments 
might have progressed more quickly had 
today’s tools been available during those 
formative years. 

Spurred by sustainability initiatives 
in both the public and private sectors, 
producers around the world are seek- 
ing to develop and optimize methods to 
create diesel fuel without using crude- 
oil-derived feedstocks. This represents, 
in effect, a new hydrocarbon industry. 
However, today’s producers, unlike their 
predecessors, have a full range of mod- 
ern resources, including digital tools and 
hardware that were unimaginable just a 
decade or two ago. 

This article will examine what some 
of these new tools are, and will show how 
producers are applying them as they de- 
velop new processes for manufacturing 
renewable diesel. Naturally, the lessons 
learned here can be adopted far more 
universally, including in established re- 
fining and petrochemical processes. 


Taming variability. To begin, we should 
define what process we are talking about 
(FIG. 1), since some common terms are 
not always clear and are often used inter- 
changeably. 

Biodiesel is produced from vegetable 
oils and animal fats, which are convert- 
ed to fatty acid methyl esters (FAME) 
through a transesterification process reg- 
ulated by ASTM D6751-20a. This pro- 
cess is suitable for large- and small-scale 
installations, and vehicles can be adapted 
to run on biodiesel directly. The main 
drawback of this process is its tendency to 
gel at low temperatures, thus limiting the 
amounts that can be added to the conven- 
tional diesel distribution chain. 

Renewable, or green, diesel is the pri- 
mary area of interest. It can also be made 
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with oils and fats as feedstocks (and this 
extends to include crop residues and other 
biomass) that are treated using a process 
similar to conventional oil refining. This 
process produces fuel that is indistinguish- 
able from conventional diesel. Therefore, 
it falls under the ASTM D975-21 standard 
specification for diesel fuel, so producers 
can blend it into the conventional diesel 
distribution system without limitations. 
Sustainable aviation fuel (SAF) is like 
renewable diesel, and some processes 
allow operators to make the switch rela- 
tively easily when market opportunities 
become available. Byproducts from the 
refining process (e.g. light hydrocarbons 
and naphtha) can be used as non-fossil 
fuels to meet processing needs. They can 
be sold as chemical feedstocks or added 
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FIG. 1. Alternatives to conventional diesel use the same feedstocks, but with different 
approaches and results, each with their own characteristics. 
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to gasoline blending stocks to reduce the 
operators’ carbon intensity score. Pro- 
duction complexity stems from the vari- 
ety of feedstocks. 

To maintain production volumes and 
continuous operation, refiners must an- 
ticipate changing feedstock types. Opera- 
tors may be working with crop residues 
one day and animal fats the next, so pro- 
cess parameters can change frequently. 
This high degree of variability is the pri- 
mary differentiator from conventional 
refining and represents the main produc- 
tion challenge. 


Data lost or ignored. The following is a 
deeper dive into today’s tools, with three 
main assumptions: 

e Producing renewable diesel is 
subject to more process variability 
than conventional refining. 

e All the necessary tools are at our 
disposal to overcome the challenges. 

e The same tools can have the same 
positive effects in many other 
application areas. 

All the elements connected with a re- 
newable diesel production unit produce 
data in many forms, and it is up to each 
facility to determine how much data gets 
collected and retained. Critical process 
variables will be kept in a historian, but 
the associated storage costs can drive a 
company to draw a line between the data 
it considers useful and the data it does 
not consider to be useful. The challenge 
is that many companies underestimate 
the value of their data because they can- 
not imagine an impactful way to apply all 
the data that they have collected. 
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For the most part, data gets locked in 
historians that are isolated on operational 
technology (OT) networks, where the 
data is stored and processed for release 
to management in the form of reports. 
An engineer may occasionally dig into a 
historian to solve a production problem, 
but much of the data simply remains in 
storage, never to be accessed again. 


Data lakes bridge communication 
gaps. Since individuals have access to 
numerous tools, one may look at many 
companies and conclude that they do 
not have enough data, and that they are 
not putting their data in the right place. 
To start, historians are not the answer. 
Historians store data in the format in 
which it is produced, so data that is not 
directly comparable stays that way, mak- 
ing analysis more difficult. The solution 
involves either replacing historians or in- 
terconnecting them with a data lake. 

The data lake concept is not unique 
to manufacturing, but using it in OT en- 
vironments is relatively recent. The same 
approach is used for the same purpose for 
corporate information technology (IT) 
applications; so, to many coming from the 
IT side, the data lake concept will sound 
like a logical solution. However, some IT 
providers have encountered difficulties 
trying to extend these platforms into OT 
environments for a variety of reasons. An 
OT-oriented approach is much more ef- 
fective and still allows easy extension into 
IT applications. The ability to connect 
from OT to IT has generally proven to be 
easier than the reverse. 

How is an OT data lake different than 
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FIG. 2. An analytics platform? provides information in a collaborative environment that is 
able to unify data, people and systems. This can drive improvements in operational 
performance and workplace efficiency through automated workflows, advanced analytics 


and enhanced decision support. 
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a historian? A data lake aggregates opera- 
tions data (FIG. 2) from manufacturing, 
process control and IT systems, without 
disruption, and then contextualizes it and 
transforms it into actionable information. 
These results can be presented to every 
decision-maker on any device, any time 
and at any location, thus creating manu- 
facturing intelligence. 

When data is stored in this type of a 
central repository, users and critical sys- 
tems can find anything they need in one 
place for more efficient analytics, trend- 
ing and reporting. This eliminates OT 
data silos, while providing IT personnel 
with a single location to manage, protect 
and easily integrate OT data with IT tools 
and cloud applications. 


How does a data lake do these 
things? A renewable diesel plant or unit 
has various controllers, valves, process in- 
struments and other equipment types that 
all individually create their own specific 
type of data, using their specific format 
and semantics. Historians can be added 
to communicate with various devices or 
classes of devices, but each only commu- 
nicates with its assigned sources, using its 
own format and semantics. This leaves 
data from different sources difficult to 
compare or integrate, even within a single 
historian, and multiple historians do not 
normally communicate to each other. 
This results in isolated data stored in mul- 
tiple silos that are cut off from each other. 

A data lake takes a different approach. 
It creates a common data transport layer 
that supports all OT communications, re- 
gardless of the device type. This layer pro- 
vides a common topology that can bridge 
gaps, making it far more practical to use 
digital tools for data analyses. 

A modeling studio takes historical data 
and “cleans” it to remove outliers and cre- 
ate a more correlated data set that is suit- 
able for modeling purposes. Next, it uses 
machine-learning algorithms to build 
predictive models. Once these are assem- 
bled, it is possible to verify a model’s abil- 
ity to predict anomalies by using test data. 

Once validated, the model is deployed 
in a production environment, using a proj- 
ect studio. This is the area to analyze real- 
time data and to create rules for complex 
events. When in operation, if a predictive 
model finds a new abnormal condition or 
process anomaly, the model is retrained to 
consider that condition the next time. 


This basic approach is the mecha- 
nism used to generate information that 
informs decision-making for actions in 
areas such as asset health, efficiency and 
predictive emissions. 


What can a data lake facilitate? A 
data lake is not an end, but rather a means 
for analytics tools to deliver the desired 
benefits. A larger implementation, with 
a data lake and applications, unifies data 
while connecting systems and people. 
Together, these drive operational perfor- 
mance and workplace efficiency through 
automated workflows, advanced analyt- 
ics and enhanced decision support. This 
is broad conceptually, so we need to focus 
on three applications: 

e Feedstock variability 

e Energy management 

e Asset health. 

First, renewable diesel production can 
begin with a wide variety of feedstocks, 
each of which must be treated differently 
to convert them into a suitable intermedi- 
ate. While the variety is greater than with 
conventional refining processes, different 
fats or biomass can be separated into cate- 
gories based on their characteristics. A data 
lake allows operators to compile a detailed 
catalog of feedstocks, including process ad- 
justments needed to accommodate each of 
these feedstocks. Throughout time, analy- 
sis of historical process data from daily 
operations builds predictive models that 
simplify the steps that operators must take 
as they facilitate a feedstock change, no 
matter how drastic a shift this change rep- 
resents. Once the transition is completed, 
the predictive model can optimize the pro- 
cess for the duration of that feedstock run. 

Second, renewable diesel—like its 
conventional counterpart—requires en- 
ergy inputs during manufacturing. The 
same fired heaters, boilers and the like 
are used, and these processes are under 
the same environmental regulatory con- 
straints. Optimizing energy consumption 
is critically important, calling for detailed 
analysis of all energy consumers to vary 
their efficiency. This necessary level of de- 
tail depends on extensive instrumentation 
and data analysis for every installation. 
One beneficial side effect of having all this 
data is the ability to use predictive emis- 
sions techniques. When sufficient statisti- 
cal information is available via a data lake, 
regulatory agencies will often allow a plant 
to base its emissions monitoring on mod- 
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eling rather than on actual measurements 
via analyzers—which is far less expensive 
than maintaining a fleet of analyzers. 

Third, the following will examine op- 
erating asset health and a specific cen- 
trifugal pump installation (FIG. 3). This 
hypothetical installation has been outfit- 
ted with several WirelessHART condition 
monitoring instruments, including those 
for measuring bearing temperature, vibra- 
tion, motor current draw and flow. 

Using open communication protocols, 
the data lake takes operations data from 
these instruments and then centralizes 
and contextualizes it, even if the differ- 
ent sources represent different data types. 
Real-time data is delivered to the mainte- 
nance and reliability teams via interactive 
dashboards so they can see what is hap- 
pening at any moment. This capability 
alone would be a major advancement for 
many plants, but it is only a start. As his- 
torical data accumulates, it becomes pos- 
sible to perform operational analytics. 

In our scenario involving this pump, 
there are two main analytical methodolo- 
gies—principles-driven and data-driven 
analytics—and both are available. Each 
approach has its capabilities and should 
be matched to the application. In some 
cases, both can help. 

Principles-driven analytics techniques 
use laws and principles that have been 
codified for many years. Engineers un- 
derstand how a pump works (e.g., pump 
head, speed, pressure differential), and, 
for example, how the current draw vs. liq- 
uid moved provides basic efficiency. 

However, the concept can be extended 
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to examine other variables (FIG. 4), such 
as vibration or changes in suction and dis- 
charge pressure, both ofwhich can point to 
abnormal situations indicative of develop- 
ing problems. With enough data, it is pos- 
sible to characterize the deterioration by 
using failure mode and effects analysis. For 
example, it will be possible to know that 
when vibration reaches a specific thresh- 
old, the installation is nearing failure. This 
will be based on the specific unit, but will 
also draw on experiences with other units 
like it within the plant and perhaps within 
the larger company. 

Simultaneously, data-driven analytics 
create statistical models to fit the data. For a 
pump, analytics can create a graph plotting 
probability of failure on demand (PFD) 
against operating hours for a given motor/ 
pump configuration. The larger the num- 
ber of comparable installations, the more 
reliable the analysis will be. Ifthe company 


Y 
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FIG. 3. The centrifugal pump in this example 
is outfitted with instruments to monitor 
critical condition indicators. 


Premature 
bearing wear 


Excessive vibration 


Pump failure 


Seal failure 


Impeller/shaft damage 


Low suction pressure 


FIG. 4. Many equipment condition monitoring techniques use principles-driven analytics to 


determine when problems are developing. 
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FIG. 5. The ability of an analytics platform to work with a data lake’s resources allows 
for complex problem solving and decision support. 


assigns a PFD value based on criticality of 
a given installation, it will be a simple mat- 
ter to determine the remaining useful life 
of an asset, thus allowing the maintenance 
team to optimize its activities. 

While this pump example is real and 
valuable, the concepts that it illustrates go 
beyond this limited application and can be 
extended universally. We can move from 
this simple case to a much higher level of 
complexity, effectively treating an entire 
plant or production unit as a single asset. 


The bigger picture. Using analytics to 
characterize a component—such as our 
pump example—is the bottom of the 
pyramid (FIG. 5). There are many other 
examples, but these are the least complex, 
and they offer, individually at least, the 
lowest payoff. However, when combined, 
they have a major financial benefit. 

Moving up the pyramid includes more 
complex and costly assets (such as large 
compressors, heat exchangers and fired 
heaters). Beyond these assets are a com- 
plete production unit, a plant and, ulti- 
mately, a company with multiple plants. 
As complex as these assets can become, 
they still follow the same basic method- 
ology of applying data-driven and princi- 
ples-driven tools. 

FIG. 5 illustrates how this works. The 
left section defines the levels of challenges 
and opportunities based on their scale and 
complexity. Moving from the bottom up, 
the number of items analyzed becomes 
smaller (a single plant vs. thousands of 
components), but the complexity and 
stakes increase. The upper sections are 
where the importance of analytics sup- 
ported by data lake technology becomes 
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the most evident. Traditional methods us- 
ing historians may be sufficient for some 
components and assets, but the ability to 
perform useful analysis begins to break 
down due to data incompatibilities. 

The data lake's ability to centralize and 
contextualize data makes it possible to 
apply analytical tools to more complex is- 
sues, as illustrated in the central green sec- 
tion of FIG. 5. As a practical matter, moving 
higher up the pyramid calls for more data- 
driven analysis due to complexity, whereas 
principles-driven methodology is more 
frequently used at the bottom. Solving 
higher-level problems often assumes that 
lower-level problems are resolved, so a bot- 
tom-up approach may be preferred. Addi- 
tionally, addressing lower-level problems 
can sometimes resolve higher-level issues. 


Identifying opportunity. The rightmost 
column in FIG. 5 illustrates the kinds of op- 
portunities available using this methodol- 
ogy. Again, moving from the bottom to 
the top, one starts with individual pieces 
of equipment, and then gradually works 
toward enterprise-wide solutions. Man- 
agement must look at this range and deter- 
mine where to work on improvements to 
deliver the greatest impact. 

Take efficiency, for example. Unfor- 
tunately, no process unit or plant comes 
equipped with an efficiency knob that 
operators can easily turn up through 
a single action. Improving overall ef- 
ficiency is a process of making dozens 
and possibly hundreds of small changes 
that tighten up the operation to improve 
feedstock utilization, reaction rates and 
heat recovery, while also reducing losses, 
among other parameters. 


Improving overall efficiency works 
in a data lake environment because this 
makes it possible to recognize the op- 
portunity at the upper levels and then 
to drill down to individual reactors, heat 
exchangers, boilers, distillation towers 
and other assets to recognize where in- 
efficiencies exist and how they can be 
fixed. The required actions happen at all 
levels and are coordinated by the overall 
analytics platform. 


The unique challenge of renewable 
diesel production. The aforementioned 
points apply to companies producing re- 
newable diesel, and to virtually every 
process industry. It is true that renewable 
diesel production faces particularly se- 
vere challenges related to feedstock vari- 
ability, but those challenges are increas- 
ingly common across many industries. 

The challenges for renewable diesel 
are not entirely technical, as environmen- 
tal sustainability is also a key component. 
Often, conventional diesel is easier to 
make and cheaper to produce. A benefit 
of renewable diesel is that it is not made 
from fossil feedstocks and, therefore, it 
helps to reduce carbon emissions. 

Maintaining production efficiency de- 
spite major feedstock variability requires 
the right tools to handle refining com- 
plexity. These new OT tools, with a data 
lake and applications, unify data to pro- 
duce meaningful insights while connect- 
ing systems and people. Together, these 
tools drive operational performance and 
workplace efficiency through automated 
workflows, advanced analytics and en- 
hanced decision support. The challenges 
are significant, but today’s technologies 
make it is easier than ever to design and 
implement optimized processes and 
work practices. FP 
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Uncommon lessons: Shell-and-tube 
heat exchangers—Part 2 


Shell-and-tube heat exchangers 
(STHEs) are the most common heat 
transfer process equipment in all types 
of industrial plants. Due to the variety of 
available construction options, an STHE 
can be suitably designed for most pro- 
cesses and design conditions and can be 
constructed from different materials or 
combination of materials. 

Part 1 of this article (published in 
the April 2022 issue) began the focus 
on specific types of lessons and design 
limitations that none of the commer- 
cial design programs (software, Excel 
spreadsheets, etc.) will identify with 
their “help” menus or warnings. Merely 
checking drawings with respect to de- 
sign calculations is insufficient to ensure 
thorough compliance and reliable prod- 
uct design that will operate (thermally 
and mechanically) as intended. 

The authors’ purpose is to shed light 
on those uncommon but valuable les- 
sons that are not discussed in reference 
manuals or design guides. These lessons 
will be helpful in engineering and design 
activities. 


Sleeve welded to the inner torus of 
an expansion bellow. An expansion 
bellow is a flexible element and the knuck- 
led (torus) section of the bellow isa highly 
stressed region. The torus sections of the 
expansion bellow are responsible for the 
flexible behavior of the joint in service. 
The welding of clips (like the liner 
or sleeve) on the torus section should 
be avoided because it increases the ef- 
fective stiffness of the expansion bellow. 
With stiffeners attached to the knuckled 
sections, the joint requires more bending 
force or longitudinal movement to flex 


the bellow—this may not exist based on 
the estimated differential thermal expan- 
sion—and this can result in overstressing 
the tube-to-tubesheet joint. 

In earlier ASME Code! editions (be- 
fore 2015), no explicit guidance was avail- 
able on whether it was possible to weld 
sleeves on the torus regions, or, if it was 
possible, what the maximum sleeve thick- 
ness was that could be welded. A query 
was submitted to the code, and it now has 
incorporated guidance on the maximum 
thickness of the sleeve that may be welded 
on the annular portions of the bellows. 

Exchangers constructed prior to 2015 
were provided with internal sleeve con- 
struction based on the vendor’s engineer- 
ing experience and/or judgement, as no 
guidelines were available in the applica- 
ble ASME Code editions. 

The authors encountered sleeve con- 
structions (as shown in FIG. 5A) for an 
exchanger designed and constructed per 
the 2015 edition of the ASME Code! in 


which no requirements for sleeve provi- 
sions were specified. As the thickness 
of the sleeve was not limited by Code, 
sleeves were provided without consider- 
ing the impact of welding these sleeves on 
the performance of the bellows. 

In the 2017 edition of the ASME 
Code, a paragraph was introduced that 
permitted welding the sleeve to the bel- 
low, if required, with specific thickness 
limitations. In many cases, the thickness 
limitation per the ASME Code may be 
difficult to meet for practical reasons. For 
such situations, an alternate arrangement 
is used by introducing a transition piece 
that eliminates welding of the sleeve to 
the expansion joint, as shown in FIG. 5B. 


Impingement rods. As per API Stan- 
dard 660°, impingement rods should be 
supported on both ends and not attached 
to the tubesheet by welding alone. For 
proper strength, the impingement rods 
must be primarily tapped inside the 
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FIG. 5. Arrangement of a sleeve for an expansion bellow. 
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tubesheet thickness—this is more rigid 
compared to tack welding impingement 
rods on the back face of the tubesheet. 
The authors have encountered heat ex- 
changers in which impingement rods 
were fillet- or tack-welded; due to a lack 
of accessibility, the welder may have 
been unable to deposit a continuous fil- 
let weld. This quality deficiency caused 
the impingement rods to get dislodged/ 
separated from their attachment welds 
during service. The separation of im- 
pingement rods resulted in oscillating 
deflection of the rods, which kept strik- 
ing the tubes underneath, ultimately 
causing failure of the tubes. 


Tapped hole Tack weld 


A 


The operating company using this type 
of exchanger in the plant detected tube 
leakage that led to the contamination of 
the shell-side fluid due to leakage of tube- 
side fluid into the shell-side stream. The 
exchangers required an urgent offline re- 
pair that forced an unscheduled shutdown. 

The API standard provides narrative 
guidance on how the impingement rods 
should be installed. The arrangements 
shown in FIG. 6 may be interpreted as 
meeting API narrative guidelines. 


Bundle retainer not provided for 
kettle-type heat exchangers. TEMA? 
Paragraph RCB-4.9 provides non-manda- 
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FIG. 6. Fixing arrangement for an impingement rod. 
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tory requirements for a bundle retaining 
arrangement and permits other arrange- 
ments that serve a similar purpose. The 
authors observed that the bundle retain- 
ing or equivalent device was not shown in 
the detailed fabrication drawings of some 
kettle-type heat exchangers. 

It was also determined that the re- 
quirements of the bundle retainer were 
not specified in the fabricator’s scope by 
the purchase order. Excluding the bun- 
dle retainer on such types of exchangers 
may cause shifting (dislocation) of the 
bundle from its correct position dur- 
ing transportation or unexpected plant 
operation conditions. 

The bundle retainer is an essential 
device for alignment and hold-down 
purposes of the bundle for kettle-type 
exchangers. According to TEMA’, it is 
recommended that a bundle retainer 
or equivalent device be provided at the 
last baffle over the u-bend. The retainer 
helps the alignment of the bundle along 
the shell and acts as a hold-down device 
for the bundle because there is significant 
room for bundle misalignment or move- 
ment in the kettle-type shell. 


Using a Class 2 forged tubesheet 
with hub for low-alloy steel ex- 
changers. This unique design lesson 
could have significant cost and schedule 
impacts if it is uncovered during fabrica- 
tion. In a few exchangers from low-alloy 
steel materials, the authors noticed the 
hub of the low-alloy steel (LAS) forged 
tubesheet was given the same thickness 
as the adjoining low-alloy steel cylindri- 
cal shell to which it was butt-welded. 
This issue is particularly found in LAS 
heat exchangers where the shell material 


TABLE 3. Section Ill, Classes 2 and 3;* Section VIII, Div. 1 and 2;** and Section XII maximum allowable stress values (S) 


for bolting materials 


Line Spec. Alloy designation/ —_Class/condition/ 

number Nominal composition Product form number Type/grade UNS number temperature Size/thickness, mm 
Ferrous materials 

1 Carbon stee Bolting SA-307 A - = 6<t<100 

2 Carbon stee Bolting = B - - - 

5 Carbon stee Bolting SA-449 1 K04200 - 38<t<75 

4 Carbon stee Bolting SA-325 = = = = 

5 Carbon stee Bolting SA-325 1 K02706 - 32<t<38 

6 Carbon stee Bolting SA-449 ] K04200 - 25<t<38 

7 Carbon stee Bolting SA-354 BC KO4100 = 64 < t < 100 


*See maximum temperature limits for restrictions on class 
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**Use with Part 4.16 of Section VIII, Div. 2 


is SA-387-11-2 plate and the tubesheet is 
integrally welded to the shell. The cor- 
responding tubesheet forging normally 
adopted is from SA-336-11-2, and the 
tubesheet is provided with a hub for 
welding with the shell from SA-387-11-2. 
The tubesheet hub thickness was inad- 
vertently maintained the same as the 
shell thickness without realizing that the 
allowable stresses of LAS Class 2 forging 
are lower than that of LAS Class 2 plate. 
For such constructions, the tubesheet 
forging should be from SA-336-11-3 
(Class 3), which will match the allowable 
stresses of the LAS Class 2 plate; the hub 
can be from the same thickness as the 
shell. FIG. 7A shows the tubesheet hub-to- 
shell attachment detail when both thick- 
nesses are equal (the hub material allow- 
able stress is equal to the shell material 
allowable stress), while FIG. 7B shows the 
attachment detail when the hub (material 
with a lower allowable stress) is welded 
to the shell (material with higher allow- 
able stress compared to the hub). 

This will be difficult to correct (or 
weld repair) once the tubesheet hub is 


machined out and it is determined that 
the Class 2 forged hub thickness is main- 
tained the same as the cylindrical shell 
thickness from a Class 2 plate. 


Limitations about pressure vessel 
bolting diameters. Pressure bolting 
materials for ASME pressure vessel ap- 
plications are limited by the diameters 
of bolt material specifications listed in 
the “Allowable Stress Table 3” of Section 
Il-Part D. Whenever bolt specifications 
from ASME Section II-Part A or Part B 
are used for pressure vessel application, 
only those diameters of the material 
specifications that are listed in Table 3 of 
Section II-Part D5 should be used. 

The authors encountered a heat ex- 
changer in which the body flange used a 
2.75-in. diameter SA-320-L7 as pressure 
bolting. ASME Code Section II-A may list 
mechanical properties and chemical com- 
position ofa bolt specification for a diam- 
eter that may be outside the size range 
listed in ASME Section I-D Table 3; this 
does not mean that such a bolt diameter 
and specification are permitted for use in 


HP 
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pressure vessel applications. 

Even if ASME Code Section II-A per- 
mits a 2.75-in. diameter SA-320-L7 bolt 
for manufacture, allowable stresses for 
SA-320-L7 bolts are only provided up 
to 2.5-in. diameter maximum in the Al- 
lowable Stress Table 3 of Section II-D*. 
Therefore, 2.75-in. diameter SA-320-L7 
bolts are not permitted for pressure ves- 
sel applications. 

For any bolt material, the size/thick- 
ness column should be used as a reference 
for diameter limitations of bolts. Refer to 
the extreme right column in TABLE 3, an ex- 
tract from Table 3 of ASME Section II-D*. 


SA-456-660 bolts are required to 
be impact tested at minimum de- 
sign metal temperature (MDMT) of 
= 20°C. SA-456-660 A or B bolts are 
used as pressure bolting on high-alloy 
body flange joints at high temperatures 
[> 650°F (> 343°C)], particularly under 
high design pressure (> 50 barg). The 
advantage of Alloy 660 is that there is no 
diameter restriction in Section II-D, and 
the allowable stresses are steady up to 
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1,000°F (538°C) for Div. 1 applications. 
These bolts are also used on high-alloy 
floating heads as corrosion resistant alloy 
bolts because they can remain fully sub- 
merged in—or exposed to—shell-side 
corrosive fluid. Most other high-alloy 
bolting material options have low allow- 
able stresses and/or diameter limitations 
for pressure vessel applications. 

SA-453 is a precipitation-hardened 
austenitic stainless steel. The precipi- 
tation hardening process involves the 
strengthening of the high alloy by spe- 
cific thermal treatment. Since these bolts 
are thermally heat treated, they are re- 
quired to be impact-tested quality if the 
MDMT is < 20°C per UHA-S1 of ASME 
Code Section VIII-1. While the impact 
testing requirement is clearly specified 
for SA-453-660 bolts in Div. 2, it is not so 
explicitly stated in Div. 1. 

The authors noticed SA-453 bolting 
used for heat exchanger body flanges 
without being specified for impact test- 
ing. Considering these exchangers were 
designed under Div.1, the impact testing 
requirement was missed. The authors 
believe that the manufacturer considered 
SA-453 bolts as austenitic stainless alloy 
bolts and interpreted that they are ex- 
empt from impact testing under the same 
paragraph UHA-S1 of Section VIII-1. 
The code paragraphs would be helpful to 
identify impact testing requirements, as 
applicable, if SA-453 are viewed as “ther- 
mally heat treated” austenitic stainless 
steels, which they are. 

The following response was received 
from the code committee on the authors’ 
inquiry #15-2817: 


Standard designation: 

BPV Section VIII Div. 1 
Edition/addenda: 2013 Ed. 
Paragraph/figure/table number: 
UHA-S1(c) 

Subject description: 

Section VIII, Div. 1; UHA-51(c)— 
Thermal treatments for material 
Date issued: 05/26/2016 
Record number: 15-2817 
Interpretation number: 

BPV VIII-1-16-45 


Question(s) and Reply(ies): 
Question: Do the thermal treatments 
listed in UHA-51 (c) include thermal 
treatments performed by the mate- 
rial supplier during the manufacture 
of the material in addition to thermal 
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treatments performed during the 
manufacture of the vessel? 


Reply: Yes 


Slot length in sliding saddle insuffi- 
cient for possible thermal expansion. 
Horizontal vessels and heat exchangers 
are provided with saddle supports per 
engineering specifications, which are 
often part of applicable purchase order 
documents. If the supported vessel is ab- 
normally long and/or the exchanger oper- 
ates at elevated temperature and has low 
environmental MDMT, the slot length in- 
dicated for the sliding saddle in the engi- 
neering specification may be insufficient 
for the full range of thermal expansion. 
The authors observed exchangers in 
which the slot length provision on the 
sliding saddle was insufficient for the an- 
ticipated thermal movement of the sliding 
saddle based on the operating temperature 
range. The engineering specification was 
used to specify the slot length in the slid- 
ing saddle base plate, and it was not veri- 
fied if the standard slot length would be 
adequate to cover full thermal movement. 
An insufficient slot for the sliding saddle 
can lead to its restricted movement during 
thermal growth of the shell, for which the 
exchanger saddle/shell is not designed. 


Takeaway. Numerous design reviews of 
equipment data were performed in the 
authors’ routine engineering tasks; often, 
such reviews are performed hastily. A pro- 
nounced shortage of quality time for re- 
views always exists because the documents 
are pushed out promptly under the pretext 
that checking for design adequacy is some- 
one else’s responsibility, or not enough 
hours are allocated for thorough review. 
On the other end, an equipment de- 
sign that meets the code as well as relevant 
and accepted good engineering practices 
(RAGAGEPs) is the goal for equipment 
supply so it will perform as expected 
throughoutits design life, and even beyond. 
A thorough independent review plays a 
key role in achieving this tall order; a cur- 
sory review will not help achieve this goal. 
The objective for engineers and reviewers 
should be to leave no stone unturned dur- 
ing reviews to achieve the required result, 
regardless of the time it takes to provide 
the optimum engineering services—there 
is no substitute for quality. Proper design 
review experience is acquired by continu- 


ous practice and improvement, and the au- 
thors feel that the feedback of uncommon 
lessons will be helpful. HP 
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EDITORIAL COMMENT 


Modern society would not be possible 
without the use of pipelines to transport 
natural gas, crude oil and finished prod- 
ucts to demand centers. These products 
provide much-needed feedstocks for 
processing operations, as well as fuels for 
transportation, heating and electricity. 

The need for additional pipeline sys- 
tems is imperative, especially with grow- 
ing economies in many different parts of 
the world—demand for heating, elec- 
tricity and cooking are leading to a sig- 
nificantly higher demand for natural gas. 

To satisfy future demand, new natural gas pipelines sys- 
tems are being built to transport this commodity from import 
centers or domestic production areas to demand centers. Pres- 
ently, Gulf Energy Information’s Global Energy Infrastructure 
database is tracking more than 430 active natural gas pipeline 
projects around the world. These systems represent tens of 
thousands of miles of pipelines and constitute hundreds of 
billions of dollars in capital investments. 

The increased use of natural gas is also providing countries 
around the world with new options to decarbonize various in- 
dustries. Many nations are actively pursuing low-carbon initia- 
tives to reach future low- and net-zero economies. Increasing 
natural gas in a country’s total energy mix only helps on this 
pathway to lower carbon emissions. 

Since the use of natural gas pipelines is a crucial part of 
modern societies, Gas Processing & LNG has devoted this is- 
sue’s Special Focus section to new technologies that can en- 
hance pipeline operations. GP 
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Wartsila awarded EPC contract for Antigua LNG terminal 


Antigua Power Co. Ltd. has 
awarded Wartsila an EPC contract 
to build a new LNG terminal on 
the island nation of Antigua. The 
project—being developed by 
U.S.-based Eagle LNG—combines 
a 46-MW dual-fuel power plant 
and an LNG terminal, storage and 


regasification facility. The plant 
will operate with five Wärtsilä 
34DF dual-fuel engines capable 
of operating with both gas and 
light fuel oil. The new power plant 
will help satisfy increasing power 
demand on the island. The plant 
is expected to begin operations 

in 3Q 2023. 


Tellurian begins 
construction on 
Driftwood LNG 
project 


In late March, Tellurian gave 
the greenlight to EPC firm Bechtel 
to begin limited construction 
on the 27.6-MMtpy Driftwood 
LNG project. Located near 
Lake Charles, Louisiana (U.S.), 
the multibillion-dollar project 
will export U.S. natural gas to 
international destinations. Current 
Phase 1 construction includes 
site preparation and laying 
foundations. Once financing is 
secured, Tellurian plans to moves 
forward with additional Phase 1 
activities, including completing 
the construction of two LNG trains 
with a total processing capacity 
of 11 MMtpy. The operator plans 
to begin LNG exports in 2026. 


Woodfibre LNG to commence 


construction 


Woodfibre LNG plans to begin construction on the $1.6-B LNG 
export terminal in 2023. The 2.1-MMtpy facility will be located 
southwest of Squamish, British Columbia, Canada and will be built by 
McDermott—the company was awarded an engineering, procurement, 
fabrication and construction contract in late 2021. The terminal is 
scheduled to start commissioning in 2027. 


Italy to possibly use two FSRUs 
to cut Russian dependence 


To help wean off Russian natural gas supplies, Italy may install two 
floating storage and regasification units (FSRUs). The two vessels, with 
a total capacity of 10 Bm%y, will be in the Tyrrhenian Sea and the Adriatic 
Sea. At the time of this publication, a final investment decision has not 
been made on these projects. 

Italian oil and gas company, Eni, has also announced a deal to source 
additional natural gas supplies from the Congo Republic. Eni plans to 
import an additional 4.5 Bm*y of natural gas from the African nation 
and will ramp up natural gas production within the Congo Republic—the 
company is part of an LNG project that is set to begin operations in 2023. 

To mitigate Russian natural gas supplies, Italy has also signed 
new natural gas imports deals with Angola, Algeria and Egypt. 


NextDecade 

aims at FID for 
Rio Grande LNG 
project in 2H 2022 


In March, NextDecade has 
signed a Heads of Agreement 
(HoA) contract with Chinese 
energy provider Guangdong 
Energy. The energy company 
agreed to purchase 1.5 MMtpy of 
LNG from NextDecade’s Rio Grande 
LNG terminal. The HoA contract 
brings NextDecade one step closer 
to reaching FID on the project, 
which the company intends to do 
in the second half of this year. If 
greenlighted, Train 1 operations are 
expected to commence in 2026. 


South Africa to build LNG terminal 
in Richards Bay 


Transnet National Ports Authority (TNPA) has announced that a 
tender to build a new LNG import terminal in Richards Bay, South Africa 
has been sent out to potential companies around the world. Once it is 
operational in 2026, the terminal will help import additional natural gas 
feedstock to help mitigate electricity shortages within the country. 


Germany to lease up to four FSRUs 
to satisfy domestic natural gas demand 


To help wean off natural gas imports from Russia, Germany has 
announced plans to lease up to four FSRUs. These floating vessels will 
aid the country in importing natural gas until new terminals are built. At 
the time of this publication, three of the FSRUs are scheduled to begin 
operations by early 2023. 

Germany has also announced plans to invest more than $3 B to build 
four LNG import terminals over the next decade. 


TC Energy and 
GreenGasUSA 

to collaborate 

to build RNG 
transportation hubs 
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TC Energy and GreenGasUSA 
have partnered to explore the 
development of a network of 
natural gas transportation hubs. 
These transportation hubs will 
provide centralized access to 
existing energy transportation 
infrastructure for renewable natural 
gas (RNG) sources, wastewater 
treatment facilities and landfills. 
RNG is a clean and reliable fuel 
that is often made from animal 
waste. According to TC Energy, 
as animal waste breaks down, it 
produces methane. The methane is 
captured—eliminating it from the 
atmosphere—and then processed 
to use as an energy source. 

According to the JV’s 
announcement, GreenGasUSA will 
process RNG to pipeline quality 
and transport it to the RNG hub. 
TC Energy will build, own and 
operate the RNG transportation 
hubs. Combining TC Energy’s 
vast energy distribution network 
with GreenGasUSA’s extensive 
experience in gas compression, 
compressed natural gas (CNG) 
transportation and pipeline 
injection is expected to further 
increase methane capture and the 
use of renewable fuels within the 
energy mix. These transportation 
hubs are expected to be under 
development in several states 
along TC Energy’s 32,700-mi U.S. 
natural gas pipeline system within 
the next 4 yr. The first hub is 
targeted for service in 2Q 2023. 


Cheniere begins Stage 3 work on Corpus Christi LNG terminal 


Cheniere has awarded Bechtel a lump-sum EPC contract for Stage 3 operations at the company’s 
Corpus Christi Liquefaction terminal in Corpus Christi, Texas (U.S.). Stage 3 operations include the construction 
of seven mid-scale LNG trains, each with a processing capacity of nearly 1.5 MMtpy. Once built, Stage 3 will 
increase the terminal’s capacity by more than 10 MMtpy, reaching a total installed capacity of approximately 


25 MMtpy. The expansion project is scheduled start LNG shipments in 2025. 
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GLOBAL PROJECTS DATA 
LEE NICHOLS, Editor-in-Chief/Associate Publisher 


Gulf Energy Information’s Global Energy Infrastructure 
(GEI) database is tracking nearly 230 active gas processing/ 
LNG projects around the world. At 40%, the Asia-Pacific 
region continues to be the leader in active gas processing/ 
LNG project market share, followed by the U.S. (17%). 
Over the past year, the GEI database has recorded nearly 90 
new gas processing/LNG projects around the world. Most 


of these projects are within the Asia-Pacific region, which 
is investing heavily in new gas processing infrastructure 
to reduce emissions for power generation. Over the past 
several months, increases in new LNG terminal investments 
have been announced in Western Europe, as the region is 
looking for pathways to mitigate reliance on Russian natural 
gas supplies. GP 
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Active gas processing/LNG project 
market share by region 
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Engineering assessments in support of pipeline 
safety: Emerging trends and approaches—Part 1 


B. MITTELSTADT, Dynamic Risk, Houston, Texas; 
and D. WILLIAMS, Dynamic Risk, Calgary, Alberta, Canada 


Engineering assessments will increas- 
ingly be applied in the pipeline industry 
to demonstrate related fitness-for-service 
and appropriate safety margins to stake- 
holders, including industry, regulatory 
agencies and the public. 

From a U.S. perspective, driving fac- 
tors include the release of Part 1 of the 
Pipeline and Hazardous Materials Safety 
Administrations (PHMSA’s) Gas Mega 
Rule* in October of 2019 (effective July 1, 
2020), along with pending rulemaking on 
class location designation changes (this 
proposed rule would add an alternative set 
of requirements that operators could use, 
based on implementing integrity manage- 
ment principles and pipe eligibility crite- 
ria, to manage certain pipeline segments 
where the class location has changed from 
a Class 1 location to a Class 3 location); 
and Part 2 of the Gas Mega Rule, which 
focuses on repair requirements for high- 
consequence areas (HCAs) and non- 
HCAs. In lieu of replacing or re-testing 
pipelines, operators have the option of 
applying engineering critical assessments 
and advanced fitness-for-service solutions 
for validating and reconfirming maximum 
allowable operating pressure (MAOP), 
supporting special permitting for class 
location changes, and varying from pre- 
scriptive response and repair require- 
ments. 

From a Canadian perspective, opera- 
tors will continue to be guided by the Ca- 
nadian Standards Association (CSA) Z662 
requirements to apply engineering assess- 
ments for demonstrating safe pipeline 
operations. The application of risk accep- 
tance criteria, such as those proposed for 
the CSA Z662:23 standard’ or those con- 
sidered in PHMSAs “Paper study on risk 
tolerance,” will support a strategic frame- 
work for improving pipeline safety and 
the use of risk assessment results (i.e, in 


comparison to acceptable risk thresholds) 
within an engineering assessment. 

Compliance is only part of the picture, 
as changes in corporate governance and 
public expectations demand improved 
safety and reliability. Without advanced 
engineering assessments, compliance ef- 
forts may lead to the replacement of pipe 
that is otherwise fit-for-service, resulting 
in missed opportunities to truly improve 
pipeline reliability and safety. 

This article presents an overview of 
driving factors and trends for engineer- 
ing assessments and code-related con- 
siderations. Practical data integration, 
approaches and application strategies, as 
well as a framework for developing and 
applying effective engineering assess- 
ments are provided. Approaches for inte- 
grating the data collected from continu- 
ously improving inline inspection (ILI) 
technologies into the engineering assess- 
ments are demonstrated. 


Key factors. The increased application 
of robust engineering assessments and 
fitness-for-service evaluations is expected 
to play out in several key ways, such as: 

e Increasing pipeline safety and 
reliability performance: This 
boils down to achieving the next 
level of safety through focused 
engineering work, along with 
the development and application 
of technology, to enhance data 
gathering and integration, 
assessment techniques and the 
associated workflows. 

e Addressing the new and emerging 
regulatory landscape designed 
to help achieve improved safety 
and reliability performance: 
Without the insight and analyses 
from engineering assessments, 
compliance may result in pipe 


replacement, pressure reductions 
and pressure testing (and other 
material actions) on pipe that is 
otherwise fit-for-service. 

e Engineering assessments provide 
an effective performance-based 
pathway forward: Detailed 
engineering and fitness-for-service 
evaluations will provide the best 
pathways forward to obtain the 
greatest yield from resources in 
terms of increasing pipeline safety 
and reliability and providing the 
biggest return on investment. 

This article is focused on the follow- 
ing key topic areas as they pertain to en- 
gineering assessments and engineering 
critical assessments: 

e Driving factors and trends 

e Code-related considerations 

e Data integration 

e Framework strategies 

e Application. 


Background. It is important to start out 
by reviewing definitions related to en- 
gineering assessments and engineering 
critical assessments. There are also some 
interesting differences worth mentioning 
in how these are considered in the CSA 
standard vs. in the U.S. Code of Federal 
Regulations (CFR). 

The engineering assessment and the 
engineering critical assessment are both 
defined in the CSA Z662 standard. The 
CSA Z662 definitions distinguish en- 
gineering assessments and engineering 
critical assessments from each other: 

e Engineering assessment: A 

documented assessment of the effect 
of relevant variables upon fitness 
for service or integrity of a pipeline 
system, using engineering principles, 
conducted by or under the direct 
supervision of a competent person 
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with demonstrated understanding 
and experience in the application of 
engineering and risk management 
principles related to the issues being 
assessed.‘ In the Canadian standard, 
an engineering assessment applies 
to demonstrating fitness-for-service 
in a variety of circumstances. 
Engineering critical assessment: 
An analytical procedure, based on 
fracture mechanics principles, that 
allows determination of the maximum 
tolerable sizes for imperfections 

in fusion welds,’ In the Canadian 
standard, an engineering critical 
assessment applies specifically to 
the consideration of imperfections 
in girth welds after construction. 
Guidance on the application of 
engineering critical assessments to 
girth welds is provided in Annex] 
of the standard. 

The US. codes do not specifically de- 
fine the term engineering assessment; how- 
ever, engineering critical assessment is de- 
fined in 49 CFR Part 192.3 (referenced in 
Subpart L, sections 192.624 and 192.632)? 
as part of the Gas Mega Rule and new 
MAOP reconfirmation requirements: 

e Engineering critical assessment: 

A documented analytical procedure 
based on fracture mechanics 
principles, relevant material 
properties (mechanical and fracture 
resistance properties), operating 
history, operational environment, 
in-service degradation, possible failure 
mechanisms, initial and final defect 
sizes, and usage of future operating 
and maintenance procedures to 
determine the maximum tolerable 
sizes for imperfections based upon the 
pipeline segment maximum allowable 
operating pressure.’ In the U.S. code, 
an engineering critical assessment 
is not specific to flaws in girth welds 
and has a broader fitness-for-service 
intent across various threat and 
defect types that overlaps with that 
of engineering assessments in the 
Canadian standard. 

In summary, whether we are talking 
about the CSA's engineering assessment 
or the U.S. CFR engineering critical assess- 
ment, these are both detailed fitness-for- 
service assessments that can consider vari- 
ous threats and defect types. This article 
focuses on these types of assessments, in 
the context of thorough fitness-for-service 
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assessments specific to the circumstance at 
hand, and they will generally be referred to 
as engineering assessments in this article. 

The circumstances for, and the use of, 
engineering assessments (Canada) and 
engineering critical assessments (U.S.) are 
converging in Canada and the U.S., includ- 
ing, but not limited to, the following: 

e Class location designation changes 

e Licensed MOP for Canada, 

approved MAOP for U.S. or 
MAOP upgrades 

e Defect assessments or evaluations 

of damage 

e Flow reversal or change in service 

e Reactivating or repurposing 

a pipeline 

e Pressure testing an existing pipeline 

e Valve location and spacing 

e MAOP validation and 

reconfirmation (U.S.) 

e Special permits (U.S.) 

e Governance (safety and reliability 

case management) 

e Return to service after failure 

or outage. 

Class location designation changes are 
expected to continue to be a key driver for 
engineering assessments and engineer- 
ing critical assessments in both Canada 
and the U.S., respectively. The industry is 
spending hundreds of millions of dollars 
every year on pipe replacements where 
the existing pipe does not align with de- 
sign requirements for the new class loca- 
tion designation. 

CSA Z662 Clause 10.7.2 requires a 
conformance check of five key elements 
(mainly design related) for pipe in a class 
location designation change area. This 
includes the design factor or location fac- 
tor, valve spacing, depth of cover, pres- 
sure testing and evaluation, and repair of 
imperfections. While provisions exist for 
engineering assessments to be carried out 
if one or more of the five elements cannot 
be met, it is acknowledged that deviations 
from design-based elements can create a 
challenge for gaining stakeholder approval 
and can result in replacement or pressure 
reduction actions that are not necessarily 
performance based or that can measurably 
improve pipeline reliability and safety. 

Similarly, in the U.S., current approach- 
es to evaluate a pipeline’s fitness-for-ser- 
vice in class location designation change 
circumstances are very arduous via the 
special permitting process [or potentially, 
in the future, through the current Notice 


of Proposed Rulemaking (NPRM) related 
to class location change requirements]. 
Reconfirmation of MAOP has the po- 
tential for creating billions of dollars of 
effort/impact if the industry must rely on 
replacements, pressure reductions and 
pressure tests for compliance. Engineering 
assessment methodology or other technol- 
ogy solutions can provide an alternative 
pathway forward when there is sound tech- 
nical evidence that the pipe is otherwise 
fit-for-service. There are some cases where 
pipe replacement is required, but the engi- 
neering assessment should support this. 


Driving factors and trends. There is a 
universal mandate from corporate gov- 
ernance structures, new and emerging 
regulations, and the public to increase 
pipeline safety and reliability perfor- 
mance. The success of these efforts is 
critical to maintain the industry’s social 
license to operate. It is important to note 
that the industry has made great strides in 
improving pipeline safety and reliability 
performance through compliance with 
integrity management, operational and 
maintenance regulations, and the applica- 
tion of initiatives to move beyond compli- 
ance only. Although the industry, regula- 
tory community and public have been 
diligently working to determine how best 
to increase pipeline safety performance, 
all stakeholders acknowledge that the 
next level of performance will not be easy 
to accomplish from technical, operational 
and commercial perspectives. 

Without the insight and analyses from 
engineering assessments in application 
with improved technology for enhanced 
data gathering/integration and assess- 
ment, compliance may result in pipe re- 
placements, pressure reductions, pressure 
testing and other material actions on pipe 
that is otherwise fit-for-service. These 
massive resource allocations can be other- 
wise directed more effectively toward mit- 
igating priority safety and reliability risks. 

The U.S. regulatory structure con- 
tinues to go through significant changes 
that will facilitate gaining the next level 
of pipeline safety and reliability perfor- 
mance. Part 1 of the Gas Mega Rule con- 
tains changes to the regulations for gas 
transmission pipelines, along with new 
requirements for the verification of pipe- 
line materials. This part of the rule aims 
to improve safety with the transportation 
and operation of onshore gas transmis- 
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FIG. 1. Pipeline integrity transformation driven by 
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FIG. 2. Engineering assessment technical building blocks for effective solutions. 


sion pipelines. Operators will be required 
to reconfirm the MAOP of their pipelines 
to ensure their safety, including pipelines 
that had been exempted from previous 
safety rulings. Part 2 of the Gas Mega 
Rule contains new repair requirements 
for HCAs and non-HCAs. Similar rule- 
makings have been made or are underway 
in the U.S. for liquids pipelines, gathering 
pipelines and gas storage facilities. 
Presented as a forward-looking case 
study, an anticipated generational trans- 
formation driven by the Gas Mega Rule 
and NPRM activities is outlined as a phase 
diagram in FIG. 1 for the approximately 
300,000 mi of US. gas transmission 
pipelines. Looking at the y-axis, integrity 
management has largely been focused on 
approximately 20,000 mi of pipelines in 
HCAs, with that focus largely based on 
inspection-based maintenance as illus- 
trated moving along the x-axis. The other 
280,000 mi have been managed via design, 
construction, and operating and main- 
tenance considerations, recognizing that 
many operators have moved beyond this. 
Going forward, the HCA miles will begin 
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the journey in transforming from inspec- 
tion-based maintenance to performance- 
based integrity management. Pipelines in 
Class Location Designation 3 or 4, mod- 
erate consequence areas, and, most likely, 
most of the remainder of pipelines will 
enter inspection-based maintenance and 
advanced fitness-for-service approaches. 

Although it has some limitations, the 
Gas Mega Rule has provided a strategic 
framework for improving pipeline safety 
and the use of engineering assessments, 
represented by the center portion of the 
phase diagram. 

Detailed engineering and fitness-for- 
service evaluations will provide the best 
pathway forward to obtain the greatest 
yield from resources in terms of increas- 
ing pipeline safety and reliability and 
providing the largest return on invest- 
ment. As outlined in FIG. 2, consistent and 
repeatable approaches (technical build- 
ing blocks and programs) that can easily 
integrate and aggregate into solutions for 
more complex compliance and technical 
circumstances will serve to best support 
this pathway. On the left of the figure are 


some primary and specific conditions 
and threats that must be addressed. In the 
middle of the figure is where the techni- 
cal building blocks are improved or de- 
veloped. The far right of the figure shows 
the programs that will be constituted by a 
logical and pertinent arrangement of the 
technical building blocks to best achieve 
compliance and, most importantly, im- 
prove safety and reliability performance. 
These programs will be composed of con- 
sistent and repeatable workflows. 

Supporting the technical building 
blocks and pathway toward effectively 
demonstrating safe and reliable pipeline 
operations is a well-structured engineer- 
ing assessment approach and document 
design that provides reviewing stakehold- 
ers with a logical flow of technical analysis 
in support of the engineering assessment 
conclusions as outlined in the basic ex- 
ample in FIG. 3. 


Code-related considerations. In the 
Canadian standard, the requirements for 
engineering assessments are provided in 
clauses 3.4 and 10.1 of CSA Z662. Clause 
3.4 establishes the structural requirements 
for the engineering assessment, while 
Clause 10.1 provides the detailed elements 
that need consideration as applicable. It is 
noted that there is an opportunity to focus 
the engineering assessment as applicable 
to a specific threat or circumstance, but 
there is also a requirement to consider risk 
assessment as part of the analysis. 

With respect to the U.S. CFR and Gas 
Mega Rule requirements, 49 CFR Part 
192.632 (Engineering Critical Assess- 
ment for Maximum Allowable Operating 
Pressure Reconfirmation: Onshore Steel 
Transmission Pipelines) requires that, 
when operators conduct an MAOP recon- 
firmation in accordance with 49 CFR Part 
192.624(c)(3) Method 3, using an engi- 
neering critical assessment to establish 
the material strength and MAOP of the 
pipeline segment, the engineering criti- 
cal assessment must assess the following: 
threats; loadings and operational circum- 
stances relevant to those threats, including 
along the pipeline right of way; outcomes of 
the threat assessment; relevant mechanical 
and fracture properties; in-service degrada- 
tion or failure processes; and initial and final 
defect size relevance. The engineering critical 
assessment must quantify the interacting ef- 
fects of threats on any defect in the pipeline. 

Of particular interest, as it pertains 
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FIG. 4. CSA Z662:23 proposed societal risk 
acceptance criteria. 


to a potential pathway forward for dem- 
onstrating margins of safety for existing 
pipelines vs. pipeline replacement, the 
CSA Z662 Risk Management Task Force 
has developed quantitative safety risk and 
environmental risk acceptance guidelines 
that are proposed for the 2023 standard 
(at the time of this publication, this stan- 
dard has not yet been approved) as part of 
the non-mandatory Risk Assessment An- 
nex (Annex B) in the CSA Z662 standard. 
Note: Non-mandatory reliability-based 
targets, as a function of safety and envi- 
ronmental consequence factors for the 
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design of natural gas and low vapor pres- 
sure (LVP) liquid hydrocarbon pipelines, 
respectively, are provided in Annex O of 
the current CSA Z662:19 standard. These 
risk acceptance thresholds are expected to 
be a useful tool in demonstrating pipeline 
safety to stakeholders in the context of 
both pipeline risk assessments and engi- 
neering assessments. The proposed risk 
acceptance criteria are as follows: 

e Guidance on safety risk (likelihood 
of failure x consequence of failure) 
acceptance criteria: 

° Individual risk (i.e., the 
annual probability of fatality 
for an individual situated at 
a particular location): The 
broadly acceptable individual 
risk threshold is 1 x 10-°/yr, 
and the maximum tolerable risk 
threshold is 1 x 10-*/yr. 

o Societal risk (i.e., a measure of 
the risk where the consequence 
considered is a function of the 
expected number of fatalities): 
The broadly acceptable and 
maximum tolerable thresholds 


Increasing Individual Risks and Societal Concerns 


FIG. 5. The ALARP concept. 


are as established on an F-N 
curve, as shown in FIG. 4. Societal 
risk is typically presented in 

the F-N curve, which plots the 
cumulative frequency of events 
that can cause N + number of 
fatalities vs. number of fatalities. 

e Guidance on environmental risk 

acceptance criteria: 

° The broadly acceptable 
environmental risk threshold 
is 2.4 x 10? m3/km-yr, and the 
maximum tolerable risk threshold 
is 2.4 m?/km-yr (the impact- 
adjusted release volume). The 
impact-adjusted release volume is 
estimated with due consideration 
of factors, including failure mode 
and associate pipe opening, 
pipeline diameter, flowrate, 
product properties, sectionalizing 
valve spacing, release detection, 
isolation time and environmental 
impact based on location. 

With respect to the broadly acceptable 
and maximum tolerable risk thresholds 
noted in the above criteria, the region be- 
tween these two thresholds is considered 
tolerable riskifit can be demonstrated to be 
as low as reasonably practicable (ALARP), 
as shown in FIG. 5. The triangle represents 
the decreasing risk and the diminishing 
proportional benefit as risk is reduced. 

Demonstration of ALARP requires that 
the cost of further risk reduction is grossly 
disproportionate to the risk reduction 
achieved. So, with respect to risk accep- 
tance thresholds, if it can be demonstrated 
that the risk levels satisfy broadly accept- 
able or ALARP requirements, a compel- 
ling case for pipeline safety can potentially 
be made in the context of a pipeline engi- 
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neering assessment. The application of risk 
acceptance criteria, such as those proposed 
for the CSA Z662:23 standard, provides a 
strategic framework for improving pipeline 
safety and the use of risk assessment within 
an engineering assessment. 

Quantitative risk acceptance criteria are 
also of interest to the U.S. regulatory bod- 
ies, and have also been explored through 
recent PHMSA industry studies and work 
groups related to quantitative risk model- 
ing and risk tolerance thresholds. Inde- 
pendent risk and reliability-based safety 
cases are increasingly being requested as 
an important element of engineering as- 
sessments by U.S. regulatory bodies. 


Data integration. Accurate data under- 
lies the successful implementation of en- 
gineering assessments. This includes all 
pipe material attributes, construction, in- 
spection and operating data necessary for 
the engineering assessment/fitness-for- 
service frameworks for all relevant threats 
and conditions. 

Creating data integration roadmaps for 
each technical building block and aggregat- 
ing these on a pipeline system basis yields a 
vision of the required data flows to support 
an effective engineering assessment. This 
vision includes being able to extrapolate 
learnings across sampling populations and 
pipeline systems, and across the industry 
in data warehousing approaches. Data inte- 
gration requirements would be document- 
ed in standard operating procedures and 
fully integrated into an operator's business 
management infrastructure (such as a geo- 
graphic information system, a warehouse 
management system and/or data manage- 
ment software). The current focus on and 
requirements for materials verification and 
traceable, verifiable and complete records 
align with these data needs. Minimizing 
the use of default values ensures that a risk- 
prioritized focus is not distorted. 

Integrity data collected from continu- 
ously evolving and improving ILI tech- 
nologies will increasingly act as a key 
foundation for engineering assessments, 
including ILI tools for metal loss, crack- 
ing, mechanical damage and specific con- 
ditions (i.e. hard spots, long seam flaws 
and pipe movement). Therefore, it is 
important that the objectives are clearly 
defined, and that the correct ILI technol- 
ogy is applied for assessing the applicable 
threats. This includes consideration of the 
detection and sizing capabilities. For ex- 
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FIG. 6. Excerpt from ILI System Selection Guidance in NACE SPO102. 


ample, the newer-generation electromag- 
netic acoustic transducer (EMAT) ILI 
technology has evolved significantly to a 
point where it can play a primary role in 
stress corrosion cracking assessment and 
management programs for gas transmis- 
sion pipelines. The National Association 
of Corrosion Engineers (NACE) Interna- 
tional SP0102 standard,* as referenced in 
the American Petroleum Institute (API) 
1163 standard,’ provides guidance on 
proper tool selection by threat, as shown 
by the excerpt in FIG. 6. 

A documented verification and vali- 
dation assessment of the ILI tool perfor- 
mance is a necessary foundation for using 
the ILI data as part of the engineering as- 
sessments. Also, qualification programs 
related to non-destructive evaluation tools 
used in the field for such validation also 
play a key role in ensuring that the ILI re- 
sults are accurately validated. 

Where ILI data serves as a foundation 
for the engineering assessment, it should 
not be taken for granted that all stakehold- 
ers are familiar with, or accepting of, the 
ILI technology applied (particularly for 
less-established technologies). A full API 
1163-based analysis, including the tool 
selection against the objective, the run 
verification (i.e., data quality assessment, 
run functionality checks) and the tool 
performance validation (i.e, unity plots 
of tool vs. infield measurements) should 
be included. There should also be work- 


flows and analysis steps to deal with out- 
liers in tool performance. There must be 
pathways for investigation and root cause 
analysis for outliers, and, where neces- 
sary, opportunities to reject the inspection 
where outliers or significant data degrada- 
tion gaps cannot be resolved. 


Part 2. Part 2 will be published on 
www.GasProcessingNews.com. GP 


NOTES 


This article was first presented at the 34th 
Pipeline Pigging & Integrity Management Conference, 
February 2022. 


* On October 1, 2019, the PHMSA finalized a rule 
for gas transmission pipelines that had been in 
development for more than 8 yr. The effective date 
is designated as July 1, 2020. This highly anticipated 
rule (referred to as the Gas Mega Rule) is the most 
significant change to existing gas pipeline regula- 
tions since 1970 and is likely to have a significant 
impact on the operation of gas transmission assets 
in the U.S. The rule is split into three parts, generally 
focusing on MAOP reconfirmation, material verifi- 
cation and integrity assessments outside of HCAs 
(Part 1); improvements to repair and response crite- 
ria and to the integrated master plan (IMP) (Part 2, 
still anticipated); and gas gathering (Part 3, released 
in November 2021). 
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How digital technology helps processing 
industries connect the dots 


R. FARR, GE Digital, Houston, Texas 


Leaders in the processing industry are 
exploring ways of using digital technology 
to create intelligent and autonomous op- 
erations that optimize daily production, 
manage risk, improve margins and enable 
a more flexible workforce. 

Gas turbines play a critical role across 
the processing industries, such as me- 
chanical drive applications in LNG facili- 
ties, compressor stations on natural gas 
pipelines and cogeneration power utility 
islands within a processing facility. Digi- 
tizing gas turbines and the associated bal- 
ance of plant equipment can provide sig- 
nificant payback in response to continued 
pressure to drive down costs, increase ef- 
ficiency, and improve reliability and avail- 
ability while meeting new regulations to 
reduce emissions. 


Connecting the dots. By combining 
closed- and open-loop optimization, 
whether the producer’s objective is to 
meet profitability key performance in- 
dicators (KPIs) or sustainability goals, 
digitizing gas turbines makes it possible 
to connect the dots and meet those goals. 
As such, producers can extract more val- 
ue from existing assets with software by 
bringing intelligent and autonomous op- 
erations to bear in three ways: 
1. Deploy new operating modes 
in gas turbines and plant controls 
that automate and enable flexible, 
reliable operations 
2. Optimize dispatch by ensuring 
that operations and commercial 
teams have the best available 
information on asset- and plant- 
specific capabilities and costs 
to manage risk, uncertainty and 
improve margins 
3. Maintain optimal performance 
across changing operations by 
monitoring thermal performance 
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and flexible operating modes using 
plant-level diagnostics to quickly 
identify and cost-effectively 
address performance shortfalls. 
Digital technologies can help proces- 
sors connect the dots to make their gas tur- 
bines and facilities more adaptable to meet 
production goals and reduce risk and cost. 
Software can provide real-time insights, 
powerful optimization and data-informed 
decisions. By deploying new operating 
modes, optimizing dispatch and main- 
taining optimal performance, digitization 
helps producers decrease fuel costs, meet 
emissions regulations and improve avail- 
ability to drive better economic outcomes. 


Deploy new operating modes. Produc- 
ers in the processing industries increas- 
ingly need tools that help reduce the cost 
of operations, but not at the expense of 
reliability and availability. New digital 
technologies have shown the ability to 
be deployed for gas turbine controls that 
enable flexible operations and process 
automation while improving the costs of 
operation and reliability. An example of 
such technology is applying artificial intel- 
ligence (AI) and machine-learning (ML) 
to the tuning of gas turbine combustion. 
Gas turbines typically require sea- 
sonal adjustment, a tuning or mapping of 
flame temperatures and fuel splits to en- 
able dependable and emissions-compliant 
operations as weather patterns change 
throughout the year. This is a manual pro- 
cess performed by an onsite expert and re- 
quires an outage that impacts availability, 
resulting in operational challenges in the 
processing industry where gas turbine up- 
time is critical to meeting overall produc- 
tion goals. Furthermore, manual seasonal 
tuning is only efficient for the precise con- 
ditions under which it was completed and 
does not enable the gas turbine to respond 


effectively to ambient temperature or fuel 
property changes between tunings. 

Demonstrations have shown that by 
digitizing the gas turbine and utilizing AI/ 
ML technology to continuously optimize 
combustion in closed-loop control—in 
place of manual seasonal adjustments— 
aero-derivative gas turbine operators can 
achieve the following benefits: 

e 0.5% —1% reduction in fuel 
consumption/carbon dioxide 
(CO,) emissions 

e Up to 14% reduction in carbon 
monoxide (CO) emissions 

e Up to 12% reduction in nitrogen 
oxide (NO,) emissions 

e Improved availability with 
no manual tuning or 
associated downtime. 

By deploying Al-enabled tuning soft- 
ware in a supervisory control system 
fully bounded by control system safety- 
critical programming, ML can be used 
to safely determine the ideal flame tem- 
peratures and fuel splits continually and 
autonomously for optimal combustion, 
considering critical variables such as am- 
bient conditions and fuel quality change. 
By sensing changes in ambient tempera- 
ture, gas fuel properties and degradation, 
real-time adjustments can be sent to the 
turbine controls in seconds to deliver 
cleaner, more efficient and reliable opera- 
tions. Another benefit of letting software 
do the tuning is that it allows experts to be 
deployed to address more critical actions. 


Optimizing dispatch. Oncea gas turbine 
has been digitized and enabled with new 
operating modes, digital technology can 
provide additional value by optimizing 
the dispatch of the plant and gas turbines. 
Many gas turbines are used for cogenera- 
tion in a power utility island of a process- 
ing facility. Meeting flexible and some- 
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times conflicting thermal and electrical 
demands is needed in such applications. 

Plant operators have traditionally 
lacked comprehensive, timely and accu- 
rate data and tools that provide a single 
integrated source of truth to make sense 
of it all. Only with a complete picture of 
a plant’s operations, maintenance and ac- 
tual capability, coupled with market and 
environmental conditions, is it possible 
to make decisions about dispatch that 
maximize revenues while reducing fuel 
and maintenance costs. 

This is where digitization comes in. 
Software can provide the information 
and analytics necessary to operate and 
dispatch a plant and gas turbine in a way 
that meets today’s complex and continu- 
ously evolving market dynamics most effi- 
ciently. For example, Al-enabled software 
can reduce dispatch plan uncertainty with 
accurate capacity predictions (power and 
steam) and heat rate for the gas turbines 
and other supplementary power assets in 
the plant, such as duct burners, boilers 
and inlet conditioning. When coupled 
with a unit commitment optimizer using 
advanced numerical methods that can 
manage the wide range of constraints and 
inputs required, fuel and CO, savings of 
0.5% or more may be achievable. 

As weekly or daily plans change dur- 
ing operations due to a shift in demand 
or ambient condition, a digitized plant 
can respond almost instantly, without any 
manual handoffs, to optimize based on 
the latest inputs and constraints. 


Maintain optimal performance. In ad- 
dition to deploying new operating modes 
and optimizing dispatch, digital technol- 
ogy can be applied to maintain the optimal 
performance of the gas turbine and plant. 
Assets (i.e, gas turbines) degrade over 
time, and companies are always searching 
for ways to keep their assets healthy. To do 
that, companies must have visibility into 
the operation of that asset, not only to pre- 
vent unplanned and unwanted downtime, 
but to recover lost performance. This re- 
covered degradation will reduce the cost of 
fuel, save emissions and potentially boost 
output. Operational and system efficien- 
cies are critical to ensure business and en- 
vironmental performance are paramount. 
Industry professionals responsible for 
managing assets are faced with numer- 
ous challenges in designing cost-effective 
maintenance strategies for equipment. 


Intelligent approaches for identifying op- 
timal processes and systems for manag- 
ing assets combine data-driven modeling 
of known degradation mechanisms with 
field expertise in asset performance and 
plant operations. 

Many companies use digital twins, 
digital representations of physical assets 
that apply advanced analytics and ML to 
reduce operational costs and risks. Digital 
twins are a key piece of the digital trans- 
formation puzzle and a great example of 
how software connects the dots. By em- 
bedding digital twins in fully automated 
software, engineering and plant person- 
nel can achieve operating targets through 
benchmarking, analytics-based alerts and 
advisors across thermal performance and 
flexible operating modes, such as starts, 
ramping and minimum load. 


Takeaway. Without digitizing a gas tur- 
bine or plant, ensuring the assets are oper- 
ating as expected can be challenging. For 
example, a gas plant’s primary operating 
cost is fuel. Heat rate—a measurement of 
plant efficiency—is a moving target that 
changes with seasonal load profile, operat- 
ing modes, ambient conditions and equip- 
ment health. Heat rate is not directly mea- 
surable in the plant, so without a digital 
twin to benchmark performance against, 
it can be unclear whether a change in heat 
rate is attributable to a change in operat- 
ing conditions or a change in equipment 
health and degradation. With clarity of the 
source and the magnitude of the change, 
the most efficient use of resources can be 
deployed to achieve the most significant 
impact on recoverable degradation and 
ensure optimal performance over time. 
Automating more operations creates a 
more reliable and safe plant. To improve 
profitability and reliability while lowering 
operation and maintenance costs, plant 
operators must evolve and adapt. Tapping 
digital tools that enhance flexibility, vis- 
ibility and analytics for optimal operation 
is one readily achievable way to do that. GP 


RACHEL FARR is a Senior Director of Product 
Management for GE Digital, and is responsible for 
delivering operations performance management 
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generation fleets. Ms. Farr has more than 18 yr of 
experience in digital power and aviation, gas turbine 
and plant technologies, and product and technology 
strategies. Ms. Farr holds a BS degree in materials 
science and engineering from the University of Penn- 
sylvania and an MS degree from Ohio State University. 
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Considerations for not providing 
a dedicated spare pressure-relief device 


P. K. NAMILAKONDA, Samsung Engineering, Houston, Texas 


Pressure-relief devices (PRDs) play a critical role in the hy- 
drocarbon processing industry. They act as the last line of de- 
fense in protecting plant equipment from overpressure and are 
mandated by the American Society of Mechanical Engineers 
(ASME). This article provides some key factors that process 
engineers and plant operators must consider to determine if an 
installed spare PRD is necessary. 

Like many other plant components, relief devices require 
routine maintenance to ensure safe and reliable plant operation. 
While most of the PRDs in hydrocarbon processing plants can 
be taken out for maintenance during plant turnarounds, cer- 
tain PRDs may require more frequent maintenance while the 
plant is in operation (onstream). The term “onstream’” refers to 
the overall plant operation. Reasons for more frequent main- 
tenance could include safety requirements or possibly because 
the PRD is installed in a fluid service where fouling, corrosion 
or plugging could potentially impact PRD operation. 

Onstream maintenance of a specific PRD in the plant can 
be achieved by one of the following options: 

1. Providing an alternate and adequate relief 

protection to the protected equipment 
(e.g., a spare PRD, or an alternate and adequate 
flow path to another PRD) 

2. Isolating, draining and depressurizing the protected 
equipment from all possible overpressure sources 
(taking the equipment out of service) 

3. Eliminating as many overpressure sources as feasible, 
and implementing administrative controls 
for monitoring the protected equipment 
for the duration of the PRD maintenance. 

Process engineers are required to review these options 
during the front-end design development step, with input 
from the plant operations team, to make an appropriate deci- 
sion. PRDs requiring onstream maintenance are, in general, 
provided with isolation valves on inlet and outlet (if appli- 
cable) pipelines. ASME code requires administrative controls 
to be in place for proper operation of the isolation valves in 
the relief path so the equipment’s overpressure protection 
is not compromised. These requirements include provid- 
ing locks or car seals in addition to administrative controls 
to prevent accidental closure (for more information, refer to 
ASME BPVC Section XIII Non-Mandatory Appendix B). 
Process engineers and plant operators must be familiar with 
the ASME code requirements, and Appendix B provides valu- 
able guidance and requirements for determining a need for 


installing a dedicated spare PRD. The following will review 
the three options in further detail. 


Option 1. Providing an installed spare PRD is generally the 
preferred way to provide adequate overpressure protection 
to the process equipment. While this option involves initial 
capital expenditure for the PRD and associated piping, it also 
provides the safest way to keep the protected equipment in 
continuous operation for the duration of the maintenance. 
Plant operators are required to follow stringent administrative 
procedures for isolating the PRD requiring maintenance. 

In the absence of an installed spare PRD, other creative 
ways are available to achieve the same purpose. This includes 
utilizing PRDs on nearby equipment to provide the necessary 
protection by means of utilizing an existing pipe routing for 
a temporary relief path. However, process engineers should 
perform a thorough analysis to ensure that such a temporary 
and alternate relief path is adequate in terms of hydraulic re- 
quirements (inlet pipe pressure loss), PRD flow area and fluid 
service compatibility. 


Option 2. This option is best suited for equipment that can be 
taken out of service while onstream plant production is main- 
tained. A spare PRD may not be required if the entire pro- 
tected system can be isolated during normal plant operation. 
Equipment operating in intermittent service also may not re- 
quire a spare PRD. For example, consider a hydrocarbon sys- 
tem containing multiple catalyst bed vessels in parallel, where 
at least one vessel is always isolated for catalyst regeneration 
and is in standby mode for a prolonged duration. A spare PRD 
may not be provided for protecting such vessels, as mainte- 
nance can be performed when the vessel is in standby mode. 
In such cases, the duration of the maintenance should be given 
careful consideration, as the vessel cannot be returned to ser- 
vice without code-compliant relief protection. Plant operators 
generally rely on administrative procedures to open and close 
several valves for placing equipment back in service. Failure 
to properly follow these administrative procedures can com- 
promise the overpressure protection mandated by the ASME 
code. One such safety incident was the ruptured heat exchang- 
er in June 2008 that killed one worker and injured six others at 
the Goodyear Tire and Rubber Co. in Houston, Texas.’ One of 
the root causes of this accident was failure to properly follow 
the procedure of opening the PRD inlet piping isolation valve 
before placing the heat exchanger into service. 
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INFRASTRUCTURE & EQUIPMENT 


PRDs requiring onstream 
maintenance are, in general, 
provided with isolation valves 

on inlet and outlet (if applicable) 
pipelines. ASME code requires 
administrative controls to be in 
place for proper operation of the 
isolation valves in the relief path 
so the equipment's overpressure 
protection is not compromised. 


Option 3. This is the least preferred option, as it involves 
operating the process equipment without overpressure pro- 
tection under administrative controls. One of the first things 
that the plant operator is required to do in this option is to 
identify all potential overpressure sources beforehand and at- 
tempt to eliminate or minimize the likelihood of overpressure 
from such sources for the duration of the PRD maintenance. 
In this option, assuming that isolation valves are in place, the 
PRD must first be isolated by closing the inlet and outlet iso- 
lation valves before the maintenance can begin. Closure of the 
isolation valves would lead to blocking the relief path and to 
operating the protected equipment with a risk of overpres- 
sure. Plant operators are required to stay in compliance with 
the ASME code for proper implementation of administrative 
controls. ASME BPVC-XIII Appendix B-7(d) states: 


“Procedures are in place to provide pressure relief 
protection during the time when the system is 

isolated from its pressure relief path. These procedures 
should ensure that, when the system is isolated from 
its pressure relief path, an authorized person should 
continuously monitor the pressure conditions of the 
vessel and should be capable of responding promptly 
with documented, pre-defined actions, either stopping 
the source of overpressure or opening alternative 
means of pressure relief. This authorized person 
should be dedicated to this task and should have 

no other duties when performing this task.” 


Plant operators should consider several factors to safely 
rely on administrative controls for monitoring unprotected 
equipment. One such factor is the duration of maintenance. 
Can the relief device be returned to service in a reasonable 
amount of time? Another factor is training. What kind of 
training would be required for authorized persons to respond 
promptly in an event of pressure excursion in the process ser- 
vice? If possible, process engineers and plant operators should 
steer away from this option, as this involves several factors 
that cannot be fully accounted for during the plant design. 


Multiple overpressure scenarios. There can be more than 
one overpressure scenario that is applicable fora PRD. Over- 
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pressure due to an external pool fire is a well-known scenario 
that is applicable for process equipment at grade level. Ad- 
ditional overpressure scenarios include blocked outlets and 
auto-control failures, among others (see API 521 for more 
information). The process engineer should review all appli- 
cable overpressure scenarios when determining the need for 
a spare PRD. 

It is a generally accepted industry practice not to provide 
spare PRDs in the following applications, as the PRD main- 
tenance interval typically aligns with the protected system 
maintenance interval: 

e PRDs installed exclusively for protecting equipment from 

external fire (fire-only PRD) 

e PRDs installed in cooling water service exclusively 

for protecting the equipment from thermal expansion 
(cooling water thermal). 


Multiple PRDs. Multiple PRDs are often provided when a 
single PRD is inadequate to handle the required relief flowrate. 
The ASME code allows staggering the PRD set pressures in 
this case. For multiple PRDs: 
e A single spare PRD may be installed with the basis 
that administrative controls are in place to perform 
maintenance on one PRD at a time. When a single spare 
PRD is installed, performing maintenance on multiple 
PRDs would result in inadequate relief protection, 
which is a possible code violation. 
e The spare PRD should have an orifice flow area 
identical to the operating PRD with the largest area. 
e When the spare PRD is put into operation, at least 
one PRD should have a set pressure at 100% of the 
maximum allowable working pressure. 


Takeaway. The ASME code does not mandate installing a 
spare PRD. However, in the absence of an alternate and ad- 
equate relief path, the ASME code mandates the implemen- 
tation of proper administrative controls for safe isolation and 
subsequent monitoring of the protected system for the du- 
ration of PRD maintenance. Administrative controls play a 
critical role in the safe operation of any plant, and many plant 
operators prefer to install a spare PRD to provide an adequate 
and equivalent overpressure protection. Process engineers 
and plant operators must be conversant with the applicable 
regulatory requirements and must review all PRDs on a case- 
by-case basis to determine whether an installed spare PRD is, 
or is not, necessary. FP 


LITERATURE CITED 


1! U.S. Chemical Safety and Hazard Investigation Board, “Goodyear heat 
exchanger rupture,” January 2011 (report released), online: https://www.csb. 
gov/goodyear-heat-exchanger-rupture/ 

? ASME Boiler and Pressure Vessel Code, Section XIII-2021, “Rules for over- 
pressure protection.” 


PRANAY K. NAMILAKONDA is a Process Engineer with Samsung Engineering 
America, a global EPC firm based in Houston, Texas. He is a licensed Professional 
Engineer and has more than 15 yr of experience in front-end engineering 
execution of various hydrocarbon projects. He also leads the process engineering 
group, with an emphasis on engineering automation. Mr. Namilakonda earned 

an MS degree in chemical engineering from Oklahoma State University, and a 
BTech degree in chemical engineering from Osmania University, India. 


LNG 


Decarbonize LNG liquefaction with 
pre-combustion CO, capture technology 


D. VESKOVIC, J. BEARD, M. ROBERTS and D. GRAHAM, 
Air Products and Chemicals Inc., Allentown, Pennsylvania 


In recent years, lifecycle greenhouse 
gas (GHG) emissions studies of the natu- 
ral gas industry have drawn attention to 
the significant environmental impact of 
liquefied natural gas (LNG). Not only is 
carbon dioxide (CO,) released when nat- 
ural gas is burned at the end user, but the 
processes of extracting, treating, liquefy- 
ing, shipping and regasifying the natural 
gas all contribute to the total emissions 
of using natural gas as fuel. With natural 
gas representing a rising fraction of the 
world’s total energy consumption, the 
importance of reducing these emissions 
will continue to grow in the future. 

Emissions from end users occur across 
many different geographic locations, 
from large-scale power generation fa- 
cilities to individual homes. For many of 
these users, capturing and sequestering 
the CO, associated with their emissions 
is challenging for various reasons (eco- 
nomics, lack of sequestration infrastruc- 
ture, etc.). Conversely, LNG liquefaction 
facilities present a unique opportunity to 
capture GHG emissions, as they provide 
a single location where a significant por- 
tion of emissions is concentrated. 

For both retrofits to existing plants 
and for new-build plants, pre-combustion 
CO, capture can significantly reduce the 
overall carbon footprint of LNG. This 
article examines how a proprietary ap- 
proach to implementing and integrating 
pre-combustion capture with an LNG 
liquefaction facility can reduce the overall 
CO, emissions from a liquefaction facility 
by more than 97%. This approach com- 
prises the following three main steps: 

1. Producing hydrogen (H,) fuel 
from natural gas or other fuel gases 
within the liquefaction facility 

2. Removing CO, from the syngas 
generated during H, production 

3. Using the H, as the primary fuel 


in the plant’s gas turbines. 
The details of this configuration are 
flexible and can be adjusted to serve indi- 
vidual project needs.'° 


Methods to reduce CO, emissions. 
CO, emissions at an LNG liquefaction 
facility can be categorized into three pri- 
mary sources: 

1. CO, vented during upstream 

pretreatment to remove acid gases 

2. CO, released in the flue gas from 

gas turbines used to power the 
liquefaction process 

3. CO, released in the generation 

of power for the remainder 
of the facility. 

Two broad approaches can be utilized 
to reduce the CO, emissions from these 
sources. One approach is to reduce the 
amount of CO, generated, primarily by 
improving efficiency. The second is to 
capture and sequester the CO, in the feed 
and the CO, created during power genera- 
tion. A combination of both approaches is 
necessary to achieve a high degree of over- 
all emissions reduction. 

Capturing and sequestering the CO, in 
the feed is already possible with well-prov- 
en technologies. A typical acid gas removal 
unit (AGRU) for LNG already separates 
CO, from the natural gas feed using an 
amine-based absorption process. Although 
many facilities today reject that CO, to at- 
mosphere, some already possess the capa- 
bility to capture CO, removed this way and 
sequester it. The use of this approach can 
reduce the total CO, emissions from an 
LNG facility by up to 30%, depending on 
the amount of CO, found in the feed. 

Improvements to plant efficiency can 
also reduce CO, emissions. Although 
many LNG facilities use simple-cycle in- 
dustrial gas turbines, newer facilities have 
made use of aeroderivative gas turbines 


or combined-cycle arrangements to im- 
prove power efficiency. With improved 
power efficiency, less fuel is required to 
generate the same power available for liq- 
uefaction. This results in lower emissions 
for the same LNG production. The use 
of aeroderivative turbines can potentially 
reduce the CO, emissions of a facility by 
approximately 14% over equivalent in- 
dustrial gas turbines, while a combined- 
cycle arrangement can reduce CO, 
emissions by approximately 25% over a 
simple-cycle arrangement. 

While these existing methods can sig- 
nificantly reduce the amount of CO, re- 
leased from a facility, they cannot address 
all the CO, released in the flue gas from a 
plant’s gas turbines. To capture the remain- 
ing CO,, a different approach is required. 


Flue gas CO, reduction via pre- or 
post-combustion capture. Two poten- 
tial approaches to reduce CO, emissions 
from methane-burning gas turbines are 
post-combustion capture and pre-com- 
bustion capture. 

With post-combustion capture, shown 
in FIG. 1, air and methane-rich fuel are fed 
to the gas turbine and CO, is directly re- 
moved from the flue gas by a CO, capture 
system. In this configuration, CO, is avail- 
able at low partial pressure (near-atmo- 
spheric pressure with single digit mol% 
of CO,) and high temperature. These 
conditions make it challenging to design 
a cost-effective recovery system that cap- 
tures most of the CO,. Furthermore, in 
retrofit applications, the lack of plot space 
close to the gas turbines can be problem- 
atic. The low pressure and high volume of 
flue gas may be impractical to transport to 
a distant CO, recovery unit. 

Conversely, pre-combustion capture, 
shown in FIG. 2, captures CO, from streams 
at higher pressure and with higher fractions 
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of CO, (20%-30%). Pre-combustion cap- 
ture needs a far smaller CO, recovery unit 
but requires other additional equipment to 
process the hydrocarbon fuel gas into clean 
H, for use in the gas turbines. Although 
not directly used for LNG service, the 
required technology for pre-combustion 
capture has been used for decades. For ex- 
ample, the authors’ company’s Port Arthur 
CO, capture project has captured approxi- 
mately 1 MM metric tpy of CO, from two 
large-scale H, plants since it commenced 
operations in early 2013. 

The advantages of pre-combustion 
capture allow for easier retrofit into ex- 
isting plants and easier siting of the addi- 
tional equipment needed for CO, capture. 
The proprietary pre-combustion capture 
process* uses a pre-combustion approach 
to capture the CO, that would be released 
in the gas turbine flue gas. 


Pre-combustion capture technol- 
ogy overview. The proprietary process 
consists of three major systems (shown 
in FIG. 3): 
1. The LNG liquefaction plant, 
including pretreatment 


Air CH, Flue gas with C0, 


Low pressure 


2. The H, production facility 

3. The power generation system. 

The LNG liquefaction plant takes in 
raw natural gas feed. Gas pretreatment, in- 
cluding acid gas removal, mercury removal 
and any heavy component removal, occurs 
upstream of the liquefaction plant. The 
liquefaction plant produces LNG from the 
pretreated gas while also producing a fuel 
stream that consists of end-flash and boil- 
off gas. Normally, this fuel stream would be 
sent directly to the gas turbines to generate 
power. However, in the proprietary pre- 
combustion capture process, the fuel gas 
stream, which is primarily methane (CH,) 
and nitrogen (N,), is instead sent to an H, 
production plant. The specific technology 
used for H, production can vary; potential 
options are discussed below. 

In the H, production facility, the fuel 
gas stream is combined with oxygen 
(or air) and steam. The combined stream 
is sent to a series of reactors to generate 
a syngas stream of primarily H, and CO). 
The syngas stream contains CO, at high 
pressure (> 30 bar) and at a high fraction 
of the total stream molar flow (20%- 
30%). These conditions are well suited 


CO, to sequestration 


Flue gas 


CO, capture 


FIG. 1. Generic configuration for post-combustion CO, capture. 


Syngas 


H, generation 
? High 
pressure 


CO, to sequestration 
C0, capture 
Air H, N,,0,,H,0 
Compressor 


FIG. 2. Generic configuration for pre-combustion CO, capture. 
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for CO, separation from H, product at 
moderate cost. 

CO, is removed at two points in the 
process. First, the CO, in the natural 
gas feed is removed in the AGRU. Next, 
CO, generated during the reforming and 
water-gas shift reactions within the H, 
production facility is removed during a 
downstream separation step. This sepa- 
ration can be achieved through an amine 
unit similar to the AGRU, or through vac- 
uum swing adsorption (VSA), cryogenic 
distillation or other techniques. Several of 
these technologies can achieve the target 
of > 97% CO, recovery. 

After CO, removal, H, from the pro- 
duction facility is combined with CH, or 
used as pure H, fuel. The fuel is mixed 
with one or more diluents to suppress ni- 
trogen oxide (NO,) formation and is sent 
to the power generation system, which 
produces power for liquefaction and the 
H, production facility. 

The power generation system may be 
simple or combined-cycle, and it may ei- 
ther be directly coupled to the liquefaction 
compressors or instead coupled to genera- 
tors to produce electricity used by electric 
motors in the liquefaction facility. 


Hydrogen production facility options. 
The pre-combustion capture process? can 
use a wide variety of technologies for its 
H, production plant, including the steam 
methane reforming (SMR) process, the 
autothermal reforming (ATR) process, or 
the partial oxidation (POX) process. All 
three options include a main reactor, one 
or more water-gas shift reactors, and sev- 
eral heat exchangers for steam generation. 

The SMR process uses a tubular cata- 
lytic main reactor where fuel is burned 
at low pressure externally to the tubes to 
provide the heat needed for the reforming 
reaction. The SMR process is an industry 
standard for gray H, production thanks to 
its energy efficiency, high reliability and 
attractive capital cost. However, because 
fuel is burned at low pressure, approxi- 
mately 40% of the total CO, generated 
in the H, production facility is released 
in low-pressure flue gas and cannot be re- 
covered through pre-combustion capture. 

The POX and ATR processes instead 
provide the required heat for their reac- 
tions by reacting a portion of the feed 
stream within the reactor vessel. This 
allows all CO, formed during the reac- 
tions to remain within the high-pressure 
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stream exiting the reactor. The CO, can 
then be removed from the product stream 
by an amine system or other separation 
technology, enabling a high degree of car- 
bon capture for both processes. The dif- 
ferences between the two technologies 
lie with the specific reactions involved 
and the type of reactor needed. The POX 
process uses a non-catalytic main reactor 
and uses steam for temperature control, 
while the ATR process uses a catalytic 
main reactor with steam consumed as 
part of the reaction. 


TECHNOLOGY SYNERGIES 

The pre-combustion capture process* 
features several synergies gained by inte- 
grating liquefaction, H, production and 
power generation. These synergies would 
be unavailable if a plant were designed to 
run on green electricity from a local grid, 
or if it imported H, for its gas turbines. 


Improved liquefaction efficiency. The 
proprietary process allows for a re-opti- 
mization of the LNG liquefaction plant to 
improve efficiency. Higher fuel require- 
ments for the H, production facility al- 
low for increased end-flash flow from the 
liquefaction facility, potentially increasing 
LNG production by up to 2%. This may 
aid in debottlenecking existing facilities 
that would otherwise be limited by avail- 
able liquefaction power. 


Low gas turbine NO, emissions. With 
H,-burning gas turbines, a major concern 
is the generation of NO,. The pre-com- 
bustion capture process has several fea- 
tures that help in maintaining equivalent 
levels of NO, to a typical dry low emis- 
sions (DLE) system. In the process, the 
end-flash gas used to feed the H, produc- 
tion plant typically contains a significant 
fraction of N,. This N, passes through the 
plant and is sent to the power generation 
system, where it serves as a diluent for the 
fuel and aids in suppressing NO, forma- 
tion. Excess steam and N, from the H, 
production facility are also available for 
use as additional diluents. 


Retrofit considerations. The process 
can be applied at both new-build sites and 
in the retrofit of existing plants. Retrofit- 
ting an existing plant to decarbonize it 
comes with several unique challenges and 
opportunities, as discussed here. 


Gas turbine capabilities. Many gas tur- 
bines used as compressor drivers for natu- 
ral gas liquefaction can handle a fuel that 
consists of a mix of H, and CH,, requiring 
only minor engine and package upgrades 
to ensure safety and reliability while appro- 
priately handling the new fuel. However, 
for cases where the goal is a high degree 
of pre-combustion carbon capture, the gas 
turbine must be capable of handling fuel 
with a combustible component comprised 
of 100% H,. Some turbines have already 
been designed for 100% H, fuel. For other 
existing turbines, running on this fuel re- 
quires a modification of the combustion 
system to manage the unique properties of 
high-H, fuels. In either case, the gas turbine 
and other site specifics—including emis- 
sions limits and utilities availability—must 
be considered when evaluating H, as a fuel. 


Offsite H, facilities. At some sites, there 
is insufficient nearby plot space for an H, 
production facility. In these cases, it may 
be possible to export end-flash gas via a 
pipeline to a remote H, production facility 
and receive either H, fuel or electricity in 
return. Alternatively, an existing LNG fa- 
cility may simply wish to replace a portion 
of its fuel with a decarbonized fuel from 
a third party without any major changes 
to its own facility. Purchasing decarbon- 
ized H, from an external source is a simple 
change that can decrease an LNG facility’s 
carbon footprint. 


CASE STUDIES 

The following section examines three 
case studies implementing the propri- 
etary pre-combustion capture process’, 
two retrofit options for existing plants 


H production 
facility 


T 


Natural gas 


and a new-build that takes full advantage 
of both efficiency improvements and CO, 
capture options. 

All three cases and the base case used 
for comparison assume an LNG liquefac- 
tion facility that uses a proprietary LNG 
technology”. This plant has net-in-tank 
LNG production of 4.5 MMtpy. The raw 
natural gas feed to the liquefaction plant 
pretreatment contains 4% CO,, which is 
removed in the AGRU. Unless otherwise 
stated, the liquefaction power is pro- 
vided by two directly coupled industrial 
gas turbines (Frame 7E) in simple-cycle, 
and an industrial gas turbine as a simple- 
cycle power generator for the electrical 
power requirements. For the purposes of 
this case study, the power generator can 
be another single Frame 7E, or multiple 
smaller gas turbines of similar efficiency 
and total power capacity. 

For each case, the power used by liq- 
uefaction is held constant, while the total 
power was varied to address the power 
needs of the additional H, production 
facility. 


Retrofit (partial and full) cases. Two 
options were evaluated for the retrofit 
case, differing on the degree of upgrades 
needed for the combustion system of the 
gas turbines. The “partial H,” case sends a 
portion of the flash gas to the H, produc- 
tion facility, then recombines the H, prod- 
uct with the remainder of the flash gas. 
This resultant fuel stream contains approx- 
imately 20 vol% H,. Existing industrial gas 
turbines designed for use with natural gas 
require only minor adjustments to handle 
this new fuel stream, which avoids a sig- 
nificant overhaul or extended downtime. 


FIG. 3. Proprietary pre-combustion capture technology? layout overview. 
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TABLE 1. Comparison of retrofit and new-build CO, emissions to generic baseload 


LNG liquefaction plant 


Retrofit: Partial H, Retrofit: Full H, New-build 
Gas turbine arrangement Industrial GT, Industrial GT, Aero GT, 
simple-cycle simple-cycle | combined-cycle 

Natural gas feed vs. base case, % 100.7% 107.5% 99.1% 
Net-in-tank production vs base case, % 100.4% 102.4% 99.5% 

H, produced, MMft?d 18 299 176 
Liquefaction specific power vs base case, % 99.6% 98% 100.5% 
Auto-consumption vs. base case, % 103.3% 150.7% 96.8% 
Total CO, captured, tph 75.4 297.6 197.8 

% emissions reduction vs. base case 32.6% 96.6% 98% 


The “full H,” case sends all the flash 
gas to the H, production facility, gener- 
ating a fuel stream of predominantly H, 
(with N, or steam as diluents). Although 
some industrial gas turbines are capable of 
handling such a fuel stream, these turbines 
may require a conversion of the combus- 
tion system and fuel delivery system mod- 
ifications to do so. 

In both options, additional gas turbine 
generators are required to supplement the 
existing electric power. These can be lo- 
cated at the H, production facility. 


New-build case. The new-build case ex- 
amines a potential new LNG liquefaction 
facility. This hypothetical plant utilizes 
three aeroderivative gas turbines in com- 
bined-cycle for power generation, as well 
as one or more small gas turbine generators 
to supplement the available power. Electric 
motors driving the liquefaction compres- 
sors use most of the generated power. The 
remaining power is used for the balance of 
plant. Liquefaction compressor power has 
been fixed at the value used for the base 
case for ease of comparison. 
For all three cases, the following addi- 
tional technology selections were made: 
e High-conversion POX process 
for H, production 
e Air separation unit (ASU) to provide 
low-purity gaseous oxygen for POX 
e AGRU designed to recover CO, 
and compress to pipeline pressure 
e Amine unit integrated into the H, 
production facility to separate 
CO, from the H, product. 
The results for each case are shown 
in TABLE 1. 


Takeaways. In the retrofit cases, the 
higher flash gas demand improved the 
liquefaction specific power—the liquefac- 
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tion compression power required to pro- 
duce 1 metric t of LNG—allowing more 
LNG to be produced for the liquefaction 
power. The partial H, case achieved 0.4% 
higher production, whereas the full H, 
case achieved 2.4% higher production. 
For the new-build case, a more efficient 
gas turbine selection reduced the flash 
gas requirement and slightly reduced the 
LNG production. 

However, the new-build case’s effi- 
ciency provides significantly better auto- 
consumption—the percentage of feed 
consumed as fuel—than the retrofit cases. 
The new-build case also requires a signifi- 
cantly smaller H, production facility for a 
similar liquefaction plant to achieve 97% 
emissions reduction. The overall CO, 
generated during H, production is also 
significantly lower for the new-build case 
compared to the full H, retrofit, which 
reduces the required size of the CO, com- 
pression system. 

Both retrofit and new-build cases are 
capable of a high degree of overall CO, 
capture by capturing CO, from the natu- 
ral gas feed and by pre-combustion cap- 
ture of the CO, generated in the H, pro- 
duction facility. 

The partial H, retrofit case achieved 
a CO, emissions reduction of 32.6%, an 
improvement over capturing CO, from 
the AGRU alone. Due to the modest H, 
requirement for this case, one H, plant 
can serve multiple LNG trains. The pri- 
mary advantage of this case is its compat- 
ibility with existing gas turbines with only 
minor upgrades. 

The full H, retrofit and new-build 
cases achieved CO, emissions reductions 
of 96.6% and 98%, respectively. These 
cases show how existing and new plants 
may achieve a high degree of emissions 
reduction, though both require signifi- 


cant changes to the gas turbines to ac- 
commodate high-H, fuels. Both cases 
show how the pre-combustion capture 
technology* provides a pathway to elimi- 
nating the carbon footprint of natural 
gas liquefaction. GP 


NOTES 


* Air Products’ AP-Blue™ LNG 
? Air Products’ AP-C3MR™ 
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Simplified simulation model 
for an LNG terminal 


J. W. CHANG and D. KOLTE, CTCI Corp., Taipei, Taiwan 


The natural gas liquids/liquefied natu- 
ral gas (NGL/LNG) value chain encom- 
passes the production, processing and 
liquefaction of natural gas (NG) to LNG, 
its long-distance transportation, and its 
regasification as it travels from the well- 
head to end users. An LNG terminal is an 
important part of the NGL/LNG value 
chain and is used at the final stage to un- 
load LNG and distribute NG to users. 

Considering that approximately half of 
the total cost of an LNG terminal project 
comes from equipment and critical lines, 
the finalization of the facility’s capacity 


This article will focus on the applica- 
tion of a shortcut rigorous simulation 
model! for front-end engineering design 
(FEED) to ensure the optimum design for 
cost estimation during the bidding stage 
to secure competitive advantage. 


Operating cases in an LNG terminal. 
Operating cases in LNG terminals are 
based on various factors, such as LNG 
composition [lean/rich/high nitrogen 
(N,)], ship unloading status (unloading/ 
holding—no unloading), NG send-out 
flowrate from the terminal (maximum/ 


2. 


various required operating cases are sum- 
marized here: 
l. 


Ship unloading minimum and zero 
send-out case (lean/rich/high N,) 
Ship unloading maximum 
send-out case (lean/rich/high N,) 
Ship unloading normal send-out 
case (lean/rich/high N,) 

No ship unloading (holding) 
minimum and zero send-out 

case (lean/rich/high N,) 

No ship unloading (holding) 
maximum send-out case 


(lean/rich/high N,) 


and equipment size verification are criti- | minimum/zero), send-out condition 6. No ship unloading (holding) 
cal during the bidding stage. In general, | (high-pressure, low-pressure), ship load- normal send-out case 
30-40 operating cases exist in an LNG | ing rate from the LNG terminal (if the (lean/rich/high N,) 
terminal, so reviewing and checking all | ship loading provision is considered), etc. 7. NG battery limit send-out 
operating cases are time-consuming tasks. With the above prescribed conditions, pressure (high/low). 
Ship and BOG return section BOG compressor section NG sendout section 
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FIG. 1. A typical simplified LNG terminal simulation model. 
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Given these conditions, some 40-50 
operating cases must be evaluated. The 
results should be reviewed to determine 
the governing case with a different com- 
bination of all equipment and associated 
connected lines. 

For the normal specification above, 
additional scenarios must be studied if 
specified in an invitation to bid (ITB) 
document, such as: 

1. Additional operating cases might 

be needed for two unloading jetties 

2. Phase II expansion or any 

interaction with an existing 
LNG terminal. 


Traditional simulation. To meet the 
above-mentioned requirement, simu- 
lation is the first priority. A traditional 
simulation model requires various input 
changes and external calculation assis- 
tance for simulating various cases. LNG 
tank and ship boil-off rates are calculated 
externally as per client information in the 
contract and used as an input for the sim- 
ulation model. Some cases only call for a 
change in input data; however, for a few 
operating cases, the structure of simula- 
tion model must also be modified. 


Input for the general simulation 
model. The following are the general 
simulation input/changes required for 
each simulation case, regardless of un- 
loading/holding mode operation: 

LNG ship and LNG tank 
unloading/holding mode boil-off 
rate is calculated externally and 
used as a simulation input for 
concerned operating mode cases. 
LNG composition must be input 
into the simulation model manually 
based on the considered LNG 
composition. 

Unloading mode. A change required 


Upstream 
stream selector 
for composition 

selection 


CARGO_PUMP 


FIG. 2. LNG composition must be input based 
on various operating cases. 
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for an unloading mode case is: 

e Generally, the unloading mode 
simulation model is prepared first 
and used as a basis for preparing 
further operating cases, including 
the holding mode. 

Holding mode. Considering the un- 
loading mode simulation model is avail- 
able, the following changes are required 
for the holding mode simulation model: 
Calculate the ship and LNG tank 
boil-off based on holding mode 
operating conditions. 

Stop boil-off gas (BOG) flow 

from LNG tank to ship. 

Divert the required part of flow 
from the low-pressure (LP) 

LNG pump to the unloading line 
to keep cool purpose. 

Change the controller setting in the 
simulation model for estimating 
keep cool flow. 

In circumstances with more than 
two LNG tanks, ensure proper keep 
cool LNG flow distribution among 
LNG tanks based on hydraulics. 
Change LNG tank operating 
pressure. 

For the nine steps mentioned above, 
> 20 input changes are required besides 
the actual structure changes in the simula- 
tion model. 


Simplified simulation model. Critical 
sections of the LNG terminal simulation 
model are discussed here to demonstrate 
the usefulness of automation. By adopting 
the described approach, users can exten- 
sively reduce the input changes required 
for switching between various operating 
cases. Users should note that an increase 
in automation also increases the com- 
plexity of the model. With these options, 
the working time of simulation decreases 
significantly. Additional automation can 
be communicated, if needed; however, 
more automation may increase the con- 
vergence issue, and also occasionally in- 
creases convergence time. This should 
be decided case by case. Note: General 
simulation means that no optimization 
tool or programming are used. 


COMMON SIMULATION 
CHANGES FOR UNLOADING/ 
HOLDING MODE 


Ship boil-off. With the help of simple 
coding, ship boil-offis calculated in simu- 


lation by linking actual stream properties. 
The tutorial code’ is used inside the cal- 
culator block BOG-SHIP in FIG. 1 (SHIP 
& BOG RETURN section). Procedure 1 
for ship boil-off (for calculator block 
“BOG_SHIP”) is below: 
$C1: Ship boil-off: VAP vol%/d 
for QMAX ship (0.15 vol%) 
$C2: QMAX ship volume 
(266,000 m?) 
P(1): Consider LNG stream 
actual density (kg/m?) 
P(2): Consider BOG stream 
actual density (kg/m?) 
Part 1: R(1)=C(1) x C(2)/100/ 
24 x P(1) 
Part 2: 10 IF (P(3).GT.10000) then, 
20 R(2)=R(1)/P(2) 
30 else 
40 R(1)=14000 x P(2) 
50 end if 
Return 
Code description. In Part 1, LNG 
ship boil-off is calculated based on actual 
case density. Part 2 is one of the multiple 
steps for switching unloading mode to 
holding mode. In this step, ship boil-off 
was increased to ensure no BOG return 
to ship; as during holding mode opera- 
tion, SHIP is not present. C represents 
the “constant” that can be specified by 
the user; P represents the “parameter” 
that can be extracted from the simulation 
model; and R represents the “calculation 
results” that are used in further modules. 


LNG tank boil-off. LNG tank boil-off 
is governed by many factors. In general, 
manual input is required for various cases. 
However, with the help of a simple pro- 
gram, all boil-off calculations are automat- 
edand external calculation assistance is no 
longer required. Refer to calculator Block 
“TK HL+PL’ inFiG.1 (LNG TANK sec- 
tion). Procedure 2 for LNG tank boil-off 
(for calculator block “TK_HL + PL’): 

$C1: Tank height 

$C2: Tank diameter 

$C3: Tank thickness 

(50+16)/2 = 33 mm 

$C4: Tank material density 

$CS: Metal heat capacity 

$C6: Five sets of tanks 

P(1): LNG density (kg/m?) 

P(2): Enthalpy of BOG (Kj/kg) 

P(3): Enthalpy of LNG (Kj/kg) 

P(4): LNG unloading flowrate 

to LNG tank (m*/hr) 
Part 1: R(1) = P(2)-P(3) 


LNG 


Part 2: R(2) = 3.14159 x C(2) 
x C(2)/4x C(1) x P(1) x 
0.05/100/24 x R(1)/1E6 x C(6) 
Part 3: R(3) = 3.14159 x (C(2) + 
C(3)) x C(3) x C(4) x (P(4)/ 
(3.14159 x C(2) x C(2)/4)) x 
C(S) x 4/1E6 
Part 4: R(4) = R(2)/R(1) x 1E6 
Part 5: 10 if (P(1).GT.10000), then 
20 R(S) = R(3)/R(1) x 1E6 
30 else 
40 R(S) = 0.001 
50 end if 
Return 
Code description. Part 1 details the 
latent heat calculation; Part 2 addresses 
heat duty corresponding to LNG tank 
boil-off; Part 3 covers heat duty that cor- 
responds to incremental cooling of LNG 
tank plate due to an increase in tank level; 
Part 4 covers BOG flow—tank boil-off 
(based on ITB boil-off rate); and in Part 
5, this part of the code is used to give a 
startup value of BOG return to ship to 
improve convergence time. Heat duty 
calculated in Parts 2/3 is imparted to a 
flash that represents the LNG tank. 


LNG composition must be input 
based on various operating cases. In a 
simulation software’, “upstream utility” 
is used to input all LNG compositions 
once. This utility offers dropdown selec- 
tion for LNG composition, saving the 
time to input LNG composition for each 
case (FIG. 2). 

Additionally, the whole calculation 
blocks are created for the send-out sec- 
tion to reduce manual intervention. 
Refer to the typical simplified LNG ter- 
minal simulation model in FIG. 1 for an 
overview of the overall simulation model. 


Takeaway. The simulation model pro- 
posed here is an adaptive and helpful 
way to conduct quick simulation on the 
required simulation cases, with a selector 
button from data specified in the calcu- 
lator block in lieu of manual input. This 
allows various operating cases to become 
more flexible and adaptive. Also, the re- 
sults can be studied easily and enables 
better cost estimation during the bidding 
phase when delivery of proposal timing 
is challenging. GP 


NOTES 


* Fortran Language Quickstart tutorial 
> AVEVA’ PRO-II Simulation software 
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A competitive study for the behavior 
of amines in acid gas 


N. S. ABBAS, Gulf of Suez Petroleum Co., Cairo, Egypt; M. Z. A. WAHHAB and 
E. A. ASHOUR, Minia University, Minia, Egypt; and T. E. FARRAG, Port Said University, Port Said, Egypt 


Natural gas is the most common fossil 
fuel. However, because it exists in deep 
underground reservoirs, it may contain 
several non-hydrocarbon components 
[e.g., hydrogen sulfide (H,S) and carbon 
dioxide (CO,)]. These impurities are un- 
desirable compounds, and can cause sev- 
eral technical problems, including corro- 
sion and environmental pollution. 

The Gulf of Suez gas plant—located 
in the Red Sea region of Egypt—has 
been operated by the Gulf of Suez Pe- 
troleum Co. (GUPCO) since 1983. This 
plant uses diethanolamine (DEA) for the 
sweetening process. The facility received a 
significant amount of natural gas contain- 
ing acid gas that was beyond the plant’s 
design conditions. This resulted in cor- 
rosion problems and a shutdown of the 
amine unit, leading to production losses. 

Using proprietary process simulation 
software, plant personnel launched a 
study aimed at simulating the gas plant’s 
natural gas sweetening process and exam- 
ining some of the critical amine process 


TABLE 1. Composition of natural gas feed 
at the GUPCO gas plant, 2020 


Molar flow, Mole 

Components MMft?d fraction 
H,O (0) 0 
CO, 0.0588 0.0049 
HS 0.0072 0.0006 
Methane 9.6503 0.8042 
Ethane 1.2559 0.1047 
Propane 0.5646 0.0471 
l-butane 0.0855 0.0071 
N-butane 0.178 0.0148 
l-pentane 0.0411 0.0034 
Nitrogen 0.0806 0.0067 
N-hexane 0.0295 0.0025 
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factors for each amine type. This article 
details this process. 


Aim of the study. Natural gas is a vital 
component in the world’s energy supply. 
However, despite its importance, there 
are many challenges when processing 
natural gas. For example, H,S is a poison- 
ous and extremely corrosive compound 
that exists in natural gas. Offshore and 
onshore plants must remove H.S, as gov- 
ernment regulations make it mandatory 
to limit H,S to 4 parts per million (ppm). 
Over time, various methods for removing 
H,S have been successful in plant opera- 
tions; however, industry is always aiming 
to optimize the removal process and to 
create a more efficient sweetening pro- 
cess to minimize costs.’ 

Many different processes have been 
investigated, but the focus has been to 
develop a sweetening process by using dif- 
ferent kinds of adsorption and absorption 
methods. When developing gas-sweeten- 
ing methods, two focus areas are in general 
use: dry adsorption and wet absorption.” 

Dry adsorption is usually a non-re- 
generative method and consists of a fil- 
ter where H,S is adsorbed.’ These filters 
must be changed out regularly to receive 
the necessary cleaning. Conversely, wet 
absorption is usually a regenerative pro- 
cess where a liquid stream reacts with the 
H,S in an absorption column to move it 
from the gas stream to the liquid stream 
catalyzed by a chemical reaction.* 

GUPCO’s LPG plant treats acid gas 
with DEA solutions. However, due to 
corrosion and foaming problems, the 
plant studied switching from DEA to 
methyl DEA (MDEA) or another amine. 
To investigate which natural gas sweet- 
ening method worked best, one process 
was chosen and evaluated thoroughly to 
evaluate the efficiency of that specific 


cleaning method. The aim of this study 
was to determine the most efficient gas 
sweetening process, using proprietary 
simulation software*. Once the process 
had been identified, an economic analy- 
sis was conducted to ensure that the cho- 
sen model is realistic to use. 


Process description of the existing 
gas plant. The operating conditions of 
rich acid gas feed to the unit include the 
following: 

e Flowrate: 12 MMft*d 

e Feed gas temperature: 

41°C (105.8°F) 
e Feed gas pressure: 49 kg/cm? 
e Concentration of H,S feed 
to the contactor: 600 ppm 
TABLE 1 provides the 2020 composition of 
the natural gas feed to the amine unit at 
the GUPCO gas plant, while the process is 
shown in FIG. 1. The acid gas enters the ab- 
sorber from the bottom, while the amine 
solution enters from the top. The amine 
is made to be reused by passing it through 
a mixer where it is mixed with a makeup 
stream of water. 

Additional amine solution may be 
added to the mixer to ensure the opti- 
mal composition for gas sweetening. A 
booster pump increases the pressure to 
47 bar, which is the operational pressure 
of the absorber. A heat exchanger was in- 
stalled to cool the amine solution to the 
desired operational temperature of 47.3°C 
(117.14°F). The sweetened gas from the 
absorber is sent to the pipe transportation 
system to be transported to a chilling area 
for distribution and further processing. 
The bottom liquid leads to a flash tank, 
where the stream is heated to flush out 
most of the hydrocarbon content in the 
stream. The amine solution then heads to 
a distillation tower (stripper), where H,S 
is removed to the same level as the sweet- 
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ened gas. The recovered amine is then 
added with water in the mixer to reuse for 
the new sweetening process cycle. 


Simulation model. To model a realistic 
gas sweetening process, a specified con- 
tent of CO, must be present. This ensures 
that the sweetening agent’s efficiency and 
flow are modeled correctly. The normal 
accepted content of CO, in the untreated 
natural gas should be 4 mol%-5 mol%.° 
In addition, the content of CO, in the 
natural gas stream was 0.0049 mol%. 
Therefore, water was added to the amine 
solution. This is done to ensure a larger 
surface of the liquid phase® when a gas 
stream is added to an absorption column 
with a relatively high flowrate, the corre- 
sponding amount of amine will be rela- 
tively low.’ If water is not added, it will be 
impossible to ensure a good contact be- 
tween the gas and liquid, which will cause 
a less-efficient sweetening process. Thus, 
water is normally added up to 75 mol% 
when performing gas sweetening.® 

The absorption process takes place ina 
column that contains a certain calculated 
number of stages. The mass balance used 
in this analysis was the McCabe-Thiele 
model. The two inlet streams are the feed 
gas and the lean amine. The temperature 
of the amine-water stream should be at 
least 5°C warmer than the acid gas stream 
in the absorption column to avoid compo- 
nents of the natural gas condensing into 
the liquid amine stream. The pressure of 
the absorption column during operation 
was around 49 bar, which is normally ac- 
cepted for the absorption column.’ 


Results of steady-state simulation 
and process optimization. To evalu- 
ate the efficiency of gas sweetening, sev- 
eral treatment cases were modeled in the 
proprietary simulation software’. In all 
simulations, H,S content had to be be- 
low 4 ppm to match the specifications for 
clean gas. Nine cases were modeled to in- 
vestigate the efficiency of tray and packed 
columns and to evaluate thermodynamic 
models. The amine treatments used were 
monoethanolamine (MEA), DEA, di- 
glycolamine (DGA), piperazine (PZ), 
triethylamine (TEA), diisopropylamine 
(DIPA) and MDEA. For all cases, the 
amine packages (for acid gas cleaning) in 
the modeling were used.” 

Chemical absorption by amines. 
Selecting the appropriate solvent for gas 


sweetening depends on various condi- 
tions that can include the ability to re- 
move H,S and CO,, the pickup rate of 
hydrocarbons, and the heat requirement 
for solvent regeneration, as well as vapor 
pressure, foaming, selectivity, thermal sta- 
bility, corrosivity, cost and availability.” 
In this simulation experiment, amine and 
amine blends were used as sweetening 
solvent. The chemical reactions for MEA 
and DGA included the following (“R’ re- 
fers to amine): 

. RNH, + H,S = RNH,HS 

. RNH, + H,O + CO, = RNH,HCO,. 
Chemical reactions for DEA are: 

. R2NH + H,S = R2NH,HS 

© 2R2NH + CO, = R2NCOOR2NH,. 
Chemical reactions for MDEA and 
DIPA are: 

© R2NCH, + H,S = R2NHCH,HS 

» R2NCH, + CO, + H,O = 

R2NHCH,HCO,. 

Process optimization. The aim of this 

optimization work was to study the effects 
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of using various types of amine and amine 
blends on amine plant performance. 
Therefore, optimization options were 
studied by applying various amines at con- 
stant concentrations within the simulation 
to monitor changes in the composition of 
sour gas streams. 

The experiments used 32 wt% of differ- 
ent amine and amine blends in the GUP- 
CO gas sweetening plant by maintaining 
some operational conditions (e.g, sour gas 
stream pressure and temperature, and lean 
amine pressure and temperature). Once 
the simulation was concluded, the results 
for H,S and CO, in the sweet gas streams 
were recorded. 

Parametric sensitivity analysis and 
simulation modeling using MEA. In 
TABLE 2, the H,S composition of sweet 
gas is 4.508e-004 ppm. The recovery 
for removed H,S from both the sweet 
gas and the acid gas (H,S and CO,) was 
100%. Amine strength was 32 wt% and 
the amount of regenerated steam required 
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FIG. 1. Process flow diagram of the amine unit at the GUPCO plant. 
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for the regenerator was 307.4 tpd. More- 
over, the total flowrate required was 170 
bpd, and the total mass flow required from 
MEA was 366.5774 kg/hr. The compo- 
sition of sweet gas by mole fraction for 
methane was 0.806; for ethane, it was 
0.1049. The operating condition for the 
rich amine stream was 48.03 kg/cm’ and 
the temperature was 39.27°C (102.69°F). 

Parametic sensitivity analysis and 
simulation modeling using DEA. Treat- 
ment by DEA is shown in TABLE 3. The 
H,S composition in the sweet gas was 
4 ppm. The recovery for removed H,S 
was 99.33%, while the recovery of both 
H,S and CO, was 97.47%. The amine 
strength was 32 wt%, and the amount of 
regenerated steam required for the regen- 
erator was 307.4 tpd. 

After the trial, it was found that the best 
flowrate of DEA to meet specifications 
was 310 bpd, and, to meet the concentra- 
tion of H,S in sales gas specifications, the 


TABLE 2. MEA unit dashboard 


total mass flowrate required from DEA 
was 683.806 kg/hr. In addition, the con- 
centration (mole fraction) of methane 
in the sweet gas stream was 0.8057; for 
ethane, it was 0.1049. The operating con- 
ditions of the rich amine included a pres- 
sure of 48.03 kg/cm’ and a temperature of 
38.98°C (102.16°F). 

Parametic sensitivity analysis and 
simulation modeling using TEA. Treat- 
ment by TEA is shown in TABLE 4. H,S 
composition in the sweet gas was 0.2037 
ppm. The recovery for removed H,S was 
99.97%, while the recovery of both H,S 
and CO, was 70.29%. The total mass flow- 
rate of TEA to recover this amount was 
2,220 kg/hr. The amine strength was 32 
wt%, and the amount of regenerated steam 
required for the regenerator was 307.3 tpd. 
In addition, the concentration (mole frac- 
tion) of methane in the sweet gas stream 
was 0.8042; for ethane, it was 0.1047. The 
operating conditions of the rich amine 


TABLE 3. DEA unit dashboard 


included a pressure of 48.03 kg/cm? and 
a temperature of 39.22°C (102.6°F). The 
total mass flowrate required to remove 
acid gas by 70.29% was 1,000 bpd. 
Parametic sensitivity analysis and 
simulation modeling using DGA. Treat- 
ment by DGA is shown in TABLE 5. H,S 
composition in the sweet gas was 8.908e- 
002 ppm. The recovery for removed H,S 
was 99.99%, while the recovery of both 
H,S and CO, was 99.62%. The amine 
strength was 32 wt%, and the amount 
of regenerated steam required for the re- 
generator was 307.3 tpd. The total mass 
flowrate required from DGA was 608.73 
kg/hr. The concentration (mole fraction) 
of methane in the sweet gas stream was 
0.8058; for ethane, it was 0.1049. The 
operating conditions of the rich amine 
included a pressure of 48.03 kg/cm? and 
a temperature of 38.77°C (101.8°F). The 
total mass flowrate required to remove 


acid gas by 99.62% was 282 bpd. 


TABLE 4. TEA unit dashboard 


Component Value Component Value Component Value 
Reboiler duty, kcal/hr 6.495e+006 Reboiler duty, kcal/hr 6.494e+006 Reboiler duty, kcal/hr 6.492e+006 
Regenerator steam, tpd 307.4 Regenerator steam, tpd 307.4 Regenerator steam, tpd 307.3 
Acid gas loading in 1.381e-003 Acid gas loading in 1256-004 Acid gas loading in 3.012e-005 
regenerator bottom regenerator bottom regenerator bottom 

Acid gas loading in acid stream 8.537e+014 Acid gas loading in acid stream 5.178e+024 Acid gas loading in acid stream 8.086e+027 
Acid gas loading in 0.5495 Acid gas loading in 0.4927 Acid gas loading in 01553 
regenerator feed regenerator feed regenerator feed 

Regenerator feed Regenerator feed Regenerator feed 

temperature, °C (°F) Weal) temperature, °C (°F) 104:4:(213:32) temperature, °C (°F) IOS aN) 
Regenerator reflux ratio 1611 Regenerator reflux ratio 166.6 Regenerator reflux ratio 2251 
(mole basis) (mole basis) (mole basis) 

Amine strength, wt% 32 Amine strength, wt% 32 Amine strength, wt% 32 
Amine recirculation rate, bpd 170 Amine recirculation rate, bpd 310 Amine recirculation rate, bpd 1,000 
Lean amine temperature, Lean amine temperature, Lean amine temperature, 

°C (°F) 48 (118.4) °C (°F) 48 (118.4) °C (°F) 48 (118.4) 
Feed gas flowrate, MMft?d 12 Feed gas flowrate, MMft?d 12 Feed gas flowrate, MMft?d 12 

HS composition 599.6 HS composition 599.6 HS composition 599.6 

n feed gas, ppm n feed gas, ppm n feed gas, ppm 

HS composition 4.508e-004 HS composition 4 HS composition 0.2037 

n sweet gas, ppm n sweet gas, ppm n sweet gas, ppm 

Has composition 9.603e+004 | H25 composition 9.866e+004 | M2 composition 1.344e+005 
n acid gas, ppm n acid gas, ppm n acid gas, ppm 

HS composition 0.7344 HS composition 01783 HS composition 5.208e-007 
n regenerator bottom, ppm n regenerator bottom, ppm n regenerator bottom, ppm 

HS composition 7083 HS composition 4,027 HS composition 4,027 

n regenerator feed, ppm n regenerator feed, ppm n regenerator feed, ppm 

Recovery of amine Recovery of amine Recovery of amine 

unit for H-S, % 199 unit for H-S, % 32:33 unit for H-S, % AAR 
Recovery of amine 100 Recovery of amine 97.47 Recovery of amine 97.47 


unit (HS and CO,), % 
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Parametic sensitivity analysis and 
simulation modeling using MDEA. 
Treatment by MDEA is shown in 
TABLE 6. H,S composition in the sweet gas 
was 3.625 ppm. The recovery for removed 
HS was 99.4%, while the recovery of both 
H,S and CO, was 64.58%. The amine 
strength was 32 wt%, and the amount of 
regenerated steam required for the re- 
generator was 306.3 tpd. The total mass 
flowrate required from MDEA was 707.48 
kg/hr. The concentration (mole fraction) 
of methane in the sweet gas stream was 
0.8046; for ethane, it was 0.1047. The 
operating conditions of the rich amine 
included a pressure of 48.03 kg/cm? and 
a temperature of 38.71°C (101.7°F). The 
total mass flowrate required to remove 
acid gas by 64.58% was 324 bpd. 

Parametic sensitivity analysis and 
simulation modeling using DIPA. Treat- 
ment by DIPA is shown in TABLE 7. H,S 
composition in the sweet gas was 355.6 


TABLE 5. DGA unit dashboard 


ppm. The recovery for removed H,S was 
40.7%, while the recovery of both H,S 
and CO, was 85.12%. The amine strength 
was 32 wt%, and the amount of regener- 
ated steam required for the regenerator 
was 307.6 tpd. The total mass flowrate 
required from MDEA was 774.95 kg/hr. 
This data showed that the concentration 
of H,S and CO, were with the trays at the 
top of the absorber. However, H,S con- 
centration increased until Tray 6, and then 
decreased from Tray 5 and so on. 

The concentration (mole fraction) 
of methane in the sweet gas stream was 
0.8051; for ethane, it was 0.1048. The 
operating conditions of the rich amine 
included a pressure of 48.03 kg/cm? and 
a temperature of 38.73°C (101.7°F). The 
total mass flowrate required to remove 
acid gas by 85.12% was 360 bpd. 

Parametic sensitivity analysis and 
simulation modeling using PZ treat- 
ments. Treatments by PZ activators are 


TABLE 6. MDEA unit dashboard 


shown in TABLE 8. H,S composition in the 
sweet gas was 1.872e-002 ppm. The recov- 
ery for removed H,S was 100%, while the 
recovery of both H,S and CO, was also 
100%. The amine strength was 32 wt%, 
and the amount of regenerated steam re- 
quired for the regenerator was 307.4 tpd. 
The total mass flowrate required from PZ 
was 357.3 kg/hr. The concentration (mole 
fraction) ofmethane in the sweet gas stream 
was 0.8059; for ethane, it was 0.1049. The 
operating conditions of the rich amine 
included a pressure of 48.03 kg/cm? and 
a temperature of 39.03°C (102.3°F). The 
total mass flowrate required to remove acid 
gas by 100% was 165 bpd. 

Parametic sensitivity analysis and 
simulation modeling using MDEA 
with sulfolane. Treatments using MDEA 
with sulfolane are shown in TABLE 9. H,S 
composition in the sweet gas was 1.549 
ppm. The recovery for removed H,S was 
99.74%, while the recovery of both H,S 


TABLE 7. DIPA unit dashboard 


Component Value Component Value Component Value 
Reboiler duty, kcal/hr 6.493e+006 Reboiler duty, kcal/hr 6.495e+006 Reboiler duty, kcal/hr 6.498e+006 
Regenerator steam, tpd 307.3 Regenerator steam, tpd 306.3 Regenerator steam, tpd 307.6 
Acid gas loading in 1822-004 Acid gas loading in 3.30860-004 Acid gas loading in 3.6326-004 
regenerator bottom regenerator bottom regenerator bottom 
Acid gas loading in acid stream 1.036e+023 Acid gas loading in acid stream  1.056e+019 Acid gas loading in acid stream 1.24e+023 
Acid gas loading in 0.5655 Acid gas loading in 0.3579 Acid gas loading in 0.4812 
regenerator feed regenerator feed regenerator feed 
Regenerator feed Regenerator feed Regenerator feed 
temperature, °C (°F) 104.4 (219.92) | temperature, °C (°F) 104.4 (219.92) | temperature, °C (°F) IOS Male ae) 
Regenerator reflux ratio Regenerator reflux ratio Regenerator reflux ratio 

: 161 : 251.7 ; 189.5 
(mole basis) (mole basis) (mole basis) 
Amine strength, wt% 32 Amine strength, wt% 32 Amine strength, wt% 32 
Amine recirculation rate, bpd 282 Amine recirculation rate, bpd 324 Amine recirculation rate, bpd 360 
Lean amine temperature, Lean amine temperature, Lean amine temperature, 
°C (°F) 48 (118.4) °C (°F) 48 (118.4) °C (°F) 48 (118.4) 
Feed gas flowrate, MMft?d 12 Feed gas flowrate, MMft?d 12 Feed gas flowrate, MMft?d 12 
HS composition 599.6 HS composition 599.6 HS composition 599.6 
n feed gas, ppm n feed gas, ppm n feed gas, ppm 
HS composition 8.908e-002 HS composition 3.625 HS composition 355.6 
n sweet gas, ppm n sweet gas, ppm n sweet gas, ppm 
HS composition 9.606e+004 | 425 composition 1484e+005 | "2 composition 4.5968e+004 
n acid gas, ppm n acid gas, ppm n acid gas, ppm 
HS composition 2.624e-002 HS composition 3.012e-004 HS composition 8.939e-005 
n regenerator bottom, ppm n regenerator bottom, ppm n regenerator bottom, ppm 
HS composition 4,547 HS composition 3,967 HS composition 1,490 
n regenerator feed, ppm n regenerator feed, ppm n regenerator feed, ppm 
Recovery of amine Recovery of amine Recovery of amine 
unit for H-S, % 3333 unit for H-S, % 394 unit for H-S, % AO 
Recovery of amine 99.62 Recovery of amine 64.58 Recovery of amine 85.12 


unit (HS and CO,), % 


unit (H,S and CO,), % 


unit (H,S and CO,), % 
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and CO, was 67.97%. The amine strength 
was 32 wt% (32% for MDEA and 2% for 
sulfolane), and the amount of regener- 
ated steam required for the regenerator 
was 307.3 tpd. The total mass flowrate 
required from MDEA was 789.51 kg/hr 
and 49.3 kg/hr for sulfolane. The con- 
centration (mole fraction) of methane 
in the sweet gas stream was 0.8047; for 
ethane, it was 0.1047. The operating con- 
ditions of the rich amine included a pres- 
sure of 48.03 kg/cm’ and a temperature 
of 38.81°C (101.9°F). The total mass 
flowrate required to remove acid gas by 
67.97% was 360 bpd. 

Parametic sensitivity analysis and 
simulation modeling using MDEA 
with a PZ mixture. Treatments by the 
PZ activators with MDEA are shown in 
TABLE 10. H,S composition in the sweet 
gas was 5.211-002 ppm. The recovery for 
removed H,S was 100%, while the recov- 
ery of both H,S and CO, was also 100%. 


TABLE 8. PZ unit dashboard 


The amine strength was 32 wt% (16% 
for MDEA and 16% for PZ), and the 
amount of regenerated steam required 
for the regenerator was 306.3 tpd. The 
total mass flowrate required from MDEA 
with PZ was 435 kg/hr. The concentra- 
tion (mole fraction) of methane in the 
sweet gas stream was 0.8058; for ethane, 
it was 0.1049. The operating conditions 
of the rich amine included a pressure 
of 48.03 kg/cm? and a temperature of 
39.25°C (102.7°F). The total mass flow- 
rate required to remove acid gas by 100% 
was 200 bpd. 


Takeaway. This study used proprietary 
simulation software* to test GUPCO’s gas 
sweetening process design calculations. 
While the plant receives high amounts 
of acid gas, this challenge can be solved 
by changing the type of amine used at 
the gas sweetening plant. In addition, the 
simulation study achieved a high rate of 


TABLE 9. MDEA with sulfolane unit dashboard 


acid removal for nearly all amine types 
and blends, enabling the natural gas to 
meet pipeline specifications. The optimal 
solution was 32% MEA with a circulation 
rate of 170 bpd. 

The study also examined several pro- 
cess parameters, including reboiler duty, 
regenerator steam and acid gas removal. 
According to the simulation, 32% MEA 
is the most recommended amine for the 
process; however, PZ and MDEA at 32 
wt% (16% PZ and 16% MDEA) reached 
full efficiency characteristics. A recircula- 
tion rate of 200 bpd was required, though, 
while the PZ activator needed a recircu- 
lation rate of 165 bpd. The cost of PZ 
chemicals is more expensive than the cost 
of MEA chemicals, as well. GP 


NOTE 
* Aspen HYSYS V8.8 


LITERATURE CITED 
Complete literature cited available online at 
www.GasProcessingNews.com. 


TABLE 10. MDEA with PZ unit dashboard 


Component Value Component Value Component Value 
Reboiler duty, kcal/hr 6.493e+006 Reboiler duty, kcal/hr 6.493e+006 Reboiler duty, kcal/hr 6.493e+006 
Regenerator steam, tpd 307.4 Regenerator steam, tpd 307.3 Regenerator steam, tod 306.3 
Acid gas loading in 1930-003 Acid gas loading in 3.377e-004 Acid gas loading in 4726e-004 
regenerator bottom regenerator bottom regenerator bottom 

Acid gas loading in acid stream 7.734e+015 Acid gas loading in acid stream 7.242e+018 Acid gas loading in acid stream 4.354e+016 
Acid gas loading in 0.7949 Acid gas loading in 0.3375 Acid gas loading in 0.756 
regenerator feed regenerator feed regenerator feed 

Regenerator feed Regenerator feed Regenerator feed 

temperature, °C (°F) 104:4 213.32) temperature, °C (°F) 104:4:(213:32) temperature, °C (°F) 104:4213.32) 
Regenerator reflux ratio 162.4 Regenerator reflux ratio 2325 Regenerator reflux ratio 162.4 
(mole basis) (mole basis) (mole basis) 

Amine strength, wt% 32 Amine strength, wt% 32 Amine strength, wt% 32 
Amine recirculation rate, bpd 165 Amine recirculation rate, bpd 360 Amine recirculation rate, bpd 200 
Lean amine temperature, Lean amine temperature, Lean amine temperature, 

°C (°F) 48 (118.4) °C (°F) 48 (118.4) °C (°F) 48 (118.4) 
Feed gas flowrate, MMft?d 12 Feed gas flowrate, MMft?d 12 Feed gas flowrate, MMft?d 12 

HS composition 599.6 HS composition 599.6 HS composition 599.6 

n feed gas, ppm n feed gas, ppm n feed gas, ppm 

HS composition 1872e-002 HS composition 1549 HS composition 5. 21le-002 
n sweet gas, ppm n sweet gas, ppm n sweet gas, ppm 

Has composition 9.68e+004 | H2S composition 1.376e+005 | Me composition 9.683e+004 
n acid gas, ppm n acid gas, ppm n acid gas, ppm 

HS composition 1876 HS composition 3.21e-005 HS composition 5 379 

n regenerator bottom, ppm n regenerator bottom, ppm n regenerator bottom, ppm 

HS composition 7525 HS composition 3,650 HS composition 6,303 

n regenerator feed, ppm n regenerator feed, ppm n regenerator feed, ppm 

Recovery of amine Recovery of amine Recovery of amine 

unit for H-S, % 109 unit for H-S, % an unit for H-S, % 33139 
Recovery of amine 100 Recovery of amine 67.97 Recovery of amine 100 


unit (HS and CO,), % 
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INSPECTION & MAINTENANCE 


Case study: The science behind amine process 
column corrosion and remedial solutions 


D. SNIJDERS, IGS, Al Khobar, Saudi Arabia 


This case study examines how and 
why corrosion takes place within amine 
vessels, the corrosion mitigation strate- 
gies available, and a comparison of high- 
velocity thermal spray (HVTS) with a 
low-velocity alternative. 

In 2015, a gas plant in the Middle East 
identified internal corrosion in two of its 
amine process columns and contracted 
the author’s company to apply HVTS 
alloy cladding to protect the base metal. 
The HVTS cladding was applied, and in 
2016, the plant went out to public ten- 
der for the completion of a similar work 
scope on six more columns. The plant 
decided to use a local thermal spray con- 
tractor on a cost basis, which involved us- 
ing a conventional low-velocity thermal 
spray process technology. 


Amine vessel corrosion mechanisms. 
To understand the solution to the prob- 
lem, it is important to first understand 
the science behind the problem of corro- 
sion—in this case, the amine vessel cor- 
rosion mechanisms. In the amine system, 
most of the corrosion is related to acid 
gas breakout and the subsequent attack 
on the metal surface, usually at elevated 
temperatures. Since corrosion is a chemi- 
cal reaction, high temperatures always ac- 
celerate corrosion activity because reac- 
tions occur faster and more aggressively 
at higher temperatures. 

Often, several factors contribute to fail- 
ure by corrosion. Statistics show that al- 
most 50% of corrosion incidents occur in 
the hottest part of the plant: the reboiler 
and the bottom of the amine regenerator. 
In amine plants, most corrosion is related 
to hydrogen sulfide (H,S) or carbon diox- 
ide (CO,) breakout and the subsequent 
attack on the metal surfaces, usually in ar- 
eas of elevated temperature or high pres- 
sure drop (leading to condensation). 


More potential corrosion mecha- 
nisms exist in amine columns. In the low- 
er section of a regenerator, for example, 
carbon steel surfaces not wetted by the 
amine solution may be attacked by wa- 
ter vapor and the formation of carbonic 
acid. Acid gas ratio, choice of amine 
(DEA, MEA, MDEA, DGA, AGR, etc.), 
contaminants, two-phase flow, flashing, 
high velocities, vessel design and insula- 
tion are all contributing factors. Pitting, 
crevice corrosion, flow-enhanced corro- 
sion and general corrosion loss are fre- 
quent problems. 

In this case, the plant in the Middle 
East conducted a planned inspection and 
noticed pitting in its amine process col- 
umns that would eventually lead to fail- 
ure if left untreated and potentially cost 
the plant millions of dollars to replace 
the columns. 

Several solutions are available to treat 
the issue of corrosion; while the damage 
cannot be reversed, if repaired using the 
correct technique and application, the 
lifespan and performance of the equip- 
ment can be significantly increased. 


Corrosion mitigation strategies in 
amine treatment. Many amine tow- 
ers have the top dome and upper area of 
the vessel clad with 316 stainless steel as 
part of the original design. Process con- 
trol and changes to the feed typically 
mean that the amine column will experi- 
ence corrosion in other areas of the ves- 
sel, often directly below the clad section. 
The nature and form of the corrosion 
mechanism often manifest themselves as 
a localized pitting attack with high cor- 
rosion rates. That can quickly remove 
the corrosion allowance and damage the 
integrity of the unit, requiring interven- 
tion and mechanical repair to rebuild the 
pressure boundary. 


Aside from operational consider- 
ations, several mitigation or repair strat- 
egies have historically been employed 
when internal shell loss occurs. Some 
mechanical options include the installa- 
tion of temporary clamps and plugs, ves- 
sel section replacement, and the applica- 
tion of an internal weld overlay. The time 
required for these, as well as the post- 
weld heat treatment (PWHT) required 
to remove heat affected zones (HAZs) 
and structural support considerations, 
often demand extended turnaround 
or shutdown schedules and associated 
production losses. Temperature and 
chemical compatibility limitations have 
prevented the effective use of organic 
coatings. Due to the nature of the sour 
feed, loss of containment poses major 
safety and environmental risks. 

The gas plant in the Middle East 
chose to use an alloy cladding solution 
to fix the issue of corrosion in its amine 
process columns. This solution provides 
the same benefits as a high-nobility weld 
overlay corrosion barrier, with several ad- 
ditional advantages—including a rapid 
application speed—without requiring 
an HAZ or PWHT, or distortion of base 


FIG. 1. The 2021 inspection of HVTS in 2015 
(applied by the author’s company) shows the 
cladding in excellent condition. 
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FIG. 2. The 2021 inspection of the six columns 
coated with a low-velocity thermal spray 
showed severe corrosion and risk of failure. 


materials. In the following section, the re- 
sults of the application of HVTS on two 
of the columns vs. the low-velocity ther- 
mal spray applied by a local contractor on 
six of the columns in 2016 are discussed. 


The inspections: High-velocity vs. 
low-velocity thermal sprays. The 
first inspection of the two columns pro- 
tected by the author’s company’s HVTS 
took place in 2018. No signs of further 
corrosion were found, and the protec- 
tive cladding was in excellent, as-applied 
condition. 

An additional inspection by the 
plant’s senior corrosion engineer in No- 
vember 2021 revealed a staggering con- 
trast between the two columns sprayed 
with HVTS in 2015 (FIG. 1) and the 
other columns applied with the low-ve- 
locity thermal spray in 2016. The HVTS 
was still in excellent condition, with no 
signs of cracking or failure. However, 
the other columns sprayed with the low- 
velocity thermal spray (shown in FIG. 2) 
indicated extreme signs of breakdown 
of the applied cladding and corrosion 
of the substrate, with the wall thickness 
loss threatening to exceed its maximum 
corrosion allowance. 

If left, the continued corrosion could 
result in an unplanned shutdown, poten- 
tially costing millions of dollars in lost 
revenue. In the best-case scenario, the 
column would need to be stripped of the 
remaining cladding, undergo mechanical 
repairs (which is both costly and time 
consuming), and then be protected with 
a long-lasting HVTS. 


The science behind HVTS, mate- 
rial modification and application 


technology. This scenario is acommon 
occurrence at many oil and gas, refin- 
ing and petrochemical sites. Although 
the initial cost of low-velocity thermal 
spray is often much lower, the long-term 
expense far outweighs the short-term 
savings. To understand why the low-ve- 
locity system failed, the science behind 
various types of materials and applica- 
tion methodology must be explored. 

Standard welding alloys are unsuit- 
able materials for thermal spray appli- 
cation in critical internal process equip- 
ment, as the cladding particles form 
oxides on their surface in flight, creating 
a fundamental weakness in the micro- 
structure and permeability. The author’s 
company develops alloys designed and 
modified for high-performance thermal 
spray application. 

The author’s company’s HVTS con- 
veyance technologies atomize the be- 
spoke wire feedstock in a supersonic 
gas stream, producing a cladding that 
consists of flat and tightly packed micro- 
sized particles. Conventionally available 
thermal spray application systems can- 
not produce equivalent particle sizes— 
they have a more open microstructure 
and do not impart sufficient energy to 
flatten the particles that are inherently 
highly stressed. These shortcomings 
lead to premature failure due to perme- 
ation from microstructural weaknesses 
and cracking of the coating. 


Takeaway. The results seen at this gas 
plant confirm the performance differ- 
ence between applying an HVTS vs. a 
conventional thermal spray, eliminating 
the corrosion process. Visually seeing 
the difference between the columns in 
this case study sprayed in 2015 and the 
columns sprayed with a low-velocity 
thermal spray is reassuring to owner- 
operators. The system and application 
process have been successful in prevent- 
ing any further degradation or wastage 
and resulted in significant savings for 
the client. GP 


DENNIS SNIJDERS is the Senior 
Regional Director, Middle East 
and North Africa, for IGS. He has 
worked for more than 20 yr in 
the corrosion industry, 15 yr of 
which have been spent in the 
Middle East. In his present 
position, he is responsible for managing the 
Middle East and North Africa regions for the entire 
surface technology solution portfolio of IGS. 


VALVES, PUMPS & TURBOMACHINERY 


Versatile and capable: Advantages of 
regenerative turbine pumps in LPG applications 


S. BASCLAIN, Ebsray, Sydney, Australia 


Autogas (also referred to as LPG) has become a popular 
fuel source around the globe, evidenced by its steady increase 
in consumption in recent years. In 2019, global LPG consump- 
tion reached 27.1 MMt, with 27.8 MM LPG vehicles in use 
around the world, according to the World LPG Association. 

This fuel source is a mixture of propane and butane. Its 
composition allows it to be stored and transported as a liq- 
uid and burned as a gas. With an abundance of LPG vehicles 
around the world, dispensing installations are needed to meet 
increasing demand. 

However, LPG is not the easiest to handle or process. 
Pumps designed to handle LPG must be able to handle low 
viscosities—sometimes as low as 0.1 centipoise (10 times 
thinner than water)—and vapor pressure well above normal 
atmospheric pressure. Challenges arise under these conditions 
as many pumping technologies have trouble with slippage or 
keeping the substance contained. 

Cavitation is another issue that comes with pumping volatile 
liquids. If the pump’s inlet pressure falls below the liquid’s vapor 
pressure, then vapor bubbles will form in the liquid. These bub- 
bles will travel through the pumping chamber and, as the pres- 
sure increases, implode and cause cavitation, which can damage 
the pumping hardware. 

Regenerative turbine pumps function as a superb solution to 
the demands of processing LPG. They can maintain high pres- 
sures while handling low-viscosities fluids and are not suscep- 
tible to cavitation damage. 

This article will examine the capabilities of regenerative tur- 
bine pumps and why they work well vs. other pumping tech- 
nologies when handling LPG and similar substances. 


A closer look at regenerative turbine pumps. Though con- 
sidered rotodynamic, regenerative turbine pumps have close 
parallels to positive displacement (PD) pumps. Regenerative 
turbine pumps provide multi-stage performance from a single- 
stage impeller designed to optimize performance. This enables 
the pump to create high differential pressures at low flowrates. 

Regenerative turbine pumps function using a rotating, non- 
contact, free-wheeling impeller disc that has around 60 small 
cells on its periphery. When the liquid enters the suction port, 
the impeller obtains it and accelerates around the narrow hy- 
draulic channel surrounding the cells. Kinetic energy carries 
the liquid rapidly around the channel. This motion within one 
revolution builds energy and pressure (FIG. 1). 

The pump technology name stems from its function—the 


continuous regeneration of small liquid cells creates the dif- 
ferential pressure capability of the pump. Other names for this 
technology include peripheral pumps, centrifugal regenerative 
pumps and regenerative pumps, among many others. Regard- 
less of the name, this technology is categorized in the rotody- 
namic family of pumps. 

Regenerative turbine pumps have the versatility to transfer 
liquids at high pressure and low flow, while also processing en- 
trained vapors or liquids at or near their boiling point. These 
conditions limit most pump technologies, causing performance 
issues, cavitation, vibration and noise. However, regenerative 
turbine pumps do not falter from those conditions. 

Specifically, regenerative turbine pumps can handle viscosi- 
ties of 0.1 centistokes (cSt)-50 cSt, with differential pressures 
up to 300 psi (20 bar) and a maximum allowable working pres- 
sure of up to 493 psi (34 bar) to enable handling liquids with 
high vapor pressures. 

Typical regenerative turbine pumps generate flowrates up to 
52.8 gpm (200 1/min), though some variations can operate with 
flowrates above that amount (FIG. 2). Some newer iterations of 
this technology can reach peak flowrates as high as—and po- 
tentially higher than—158.5 gpm (600 LI/min). 

This pump technology thrives because of its design. The spi- 
ral motion, along with its speed, diminishes the chances for cavi- 


FIG. 1. When liquid enters the suction port of the turbine pump, 

it is picked up by the impeller and instantly accelerated around in 
the narrow hydraulic channel (casing volute) surrounding the cells. 
The spiraling of the liquid at sonic speeds within the one revolution 
incrementally builds energy and pressure. 
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tation and pulsation by smoothing the fluid and collapsing the 
vapor bubbles immediately when they form. Vibration and noise 
problems also do not occur in most situations since the pump 
operates with a smooth flow and a hydraulically balanced design. 

LPG is not the only application where regenerative turbine 
pumps excel. This technology functions optimally in applica- 
tions known for having low-viscosity fluids, such as aerosols 
and refrigerants. Other applications include ammonia, vapor- 
izer feed and cylinder filling, as well as boiler feedwater. 


Matching up with side-channel pumps. Regenerative turbine 
pumps have similarities to PD pump technologies, such as side- 
channel pumps. One similarity is both pumps can self-prime and 
perform optimally under poor suction conditions. The differ- 
ences come from the size of the pump and ease of maintenance. 

Side-channel pumps are designed to have a larger footprint, 
primarily due to having multiple pumping stages. When consid- 
ering an LPG installation, a side-channel pump might require 
4-8 stages to meet the duty parameters. With that many stages, 
side-channel pumps and their large footprint become more 
complex to accommodate the installation’s demands. 

Regenerative turbine pumps, which feature a single stage, 
can match the performance of the side-channel pump, while 
also functioning at two-pole speeds. Side-channel pumps typi- 
cally operate at four-pole speeds. 

With a larger size and more complexity, side-channel pumps 
require more components to properly function. More compo- 
nents mean more wear parts, all of which are prone to eventual 
failure. When that happens, those parts must be replaced, add- 
ing to the pump’s maintenance and total ownership cost. 

Regenerative turbine pumps do not suffer from a large foot- 
print or a complex design. Instead, regenerative turbine pumps 
have a compact footprint and up to 25 components, making it 
easier for operators to maintain over time. Spending less time 
on maintenance and components saves time and money. Also, 
the less-complex design means operators do not need a veteran 


FIG. 2. Typical regenerative turbine pumps generate flow rates up to 
52.8 gpm (200 l/min), with some variations capable of even higher 
flow rates, such as 158.5 gpm (600 l/min). 
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engineer to maintain them, allowing any technically savvy asso- 
ciate with moderate experience to keep the technology running. 


Stacking up with other PD pumps. Sliding vane pumps also 
match up well with regenerative turbine pumps and even have 
some advantages. The primary advantage comes from the tech- 
nology having a higher hydraulic efficiency and better effective- 
ness during priming. 

Despite regenerative turbine pumps not sharing these traits, 
they have others that make the technology effective in similar 
applications. Without as many moving parts as sliding vane 
pumps, regenerative turbine pumps can operate continuously 
without many drawbacks. 

Operators do not have to worry about taking regenerative 
turbine pumps offline to replace wear parts on a frequent ba- 
sis. Similar pump technologies have a variety of wear parts, each 
with different service and lifecycles. Without as many moving 
parts, operators of regenerative turbine pumps spend less time 
shutting down the pump for scheduled maintenance and do not 
have to stock as many components for eventual replacement. 

Regenerative turbine pumps have two components subject 
to wear: the mechanical seal and (occasionally) the impeller. 
During scheduled maintenance, operators do not have to take 
them out of service. Regenerative turbine pumps have parts that 
can be replaced within an hour without removing the pump 
from the pipework or even disconnecting the motor. 

Performance wise, regenerative turbine pumps can operate 
continuously without pulsation and cavitation. With the ability 
to operate continuously, engineers do not have to worry about 
frequent stops or the aforementioned detriments. 


Takeaway. When it comes to challenging applications, especial- 
ly those with poor suction conditions, low-viscosity liquids or 
fluids near their boiling point, operators have a wealth of pump- 
ing choices. However, if they want a technology with versatility 
at its core, regenerative turbine pumps stand out among the rest. 

These pumps can handle a vast range of liquids under varying 
conditions in multiple applications. The common deterrents— 
cavitation, vibration and entrained vapor—that challenge most 
pumping technologies do not have the same effect on regenera- 
tive turbine pumps. Operators can expect longevity from this 
technology, as well as long intervals between maintenance. 

When maintenance rolls around, less-experienced opera- 
tors are as capable as veterans when servicing this technology. 
Operators are not required to replace several components or 
remove the pump for service for several hours. In most cases, 
the pumps can be repaired or rebuilt without removing them 
from the pipework. 

The value of regenerative turbine pumps in LPG applica- 
tions is clear: they have the versatility to process it optimally 
and effectively. As the technology continues to improve in the 
future, it will become a more common choice among operators 
in a wide range of applications. GP 


STEPHEN BASCLAIN is the Business Development Manager 
for Ebsray. Ebsray is a leader in the design and manufacture 
of regenerative turbine and positive DP technologies, 
including sliding vane, gear and lobe pumps. 
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Safe design and operation of 
renewable natural gas facilities 


M. YOUNG, Baker Engineering and Risk Consultants Inc., Chicago, Illinois 


The U.S. produces almost 70 MMtpy 
of waste'; over time, this waste generates 
biogas with the help of bacteria. Biogas 
is a mixture of methane (CH,), carbon 
dioxide (CO,) and other trace gases and 
is normally released into the atmosphere. 
However, waste collection plants are now 
exploring ways to collect the biogas and 
refine it into pure CH,, also known as re- 
newable natural gas (RNG). RNG can be 
used for injections into existing natural 
gas pipelines or used as fuel for RNG- 
dependent transportation vehicles. In re- 
cent years, the number of RNG plants has 
grown significantly within the U.S. 

Despite the many benefits and solu- 
tions that RNG provides, hazards remain; 
because RNG is a relatively new technol- 
ogy, these hazards are not as commonly 
known. Most RNG plants are small and 
not covered under Occupational Safety 
and Health Administration (OSHA) 
PSM 1910.119, which is required if a fa- 
cility contains > 5 t of flammable gas or 
liquid. However, when dealing with flam- 
mable and toxic materials, it is important 
to recognize the potential hazards and/or 
risks associated with the process regard- 
less of formal requirements. 

Examples of previous incidents and 
studies conducted by the author’s com- 
pany illustrate the significant hazards that 
are present in RNG plants: 

1. An explosion in the anaerobic 

digester (AD) 

2. A rupture of the animal waste AD 
from vacuum or pressure build-up 
inside the AD 

3. A leak of toxic and flammable 
material into the atmosphere 

4. An explosion in an enclosed 
compressor building. 

This article discusses each of the 

events described above, highlights the 
potential hazards and provides examples 


of potential safeguards and/or mitiga- 
tions that can be employed to reduce in- 
jury or fatality. 


The RNG process. The process to pro- 
duce RNG starts as waste (e.g., animal, 
landfill or water waste). The feedstock 
undergoes anaerobic digestion (FIG. 1), 
where organic material is decomposed 
into biogas.'” Depending on the feed, the 
digestion can take place in different stor- 
age containers called an AD—usually, 
landfill waste underground, water waste 
in covered lagoons, and animal waste 
in non-pressurized tanks. After several 
weeks, the generated biogas can be col- 
lected. Water, hydrogen sulfide (H,S), 
CO, and other trace chemicals are re- 
moved from the biogas through various 
separation steps to produce the high- 
quality CH, product stream that can be 
compressed and sent to end users. 


AD explosion. The AD’s sole purpose 
is to produce and collect the flammable 
biogas, and operating an AD for waste 
poses flammable, explosive and toxic 
hazards. By design, air is normally not 
present in the AD. However, with poor 
maintenance or operation, a leak in the 
equipment could allow air to enter the 
AD equipment—with ignition, an ex- 
plosion can occur, similar to the 2018 
in-ground AD tank explosion** at the 
Calumet Water Reclamation Plant in 
Chicago, Illinois, which caused 10 inju- 
ries. An investigation concluded that the 
manhole sealing the in-ground tanks was 
leaking flammable gas while contractors 
were conducting hot work nearby. Mea- 
sures to eliminate nearby ignition sources 
and to detect and fix the leak could have 
prevented the explosion in the AD. 

HS is also produced as a byproduct in 
the AD and poses toxic hazards that are 
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FIG. 1. Process flow for anaerobic digestion (AD).! 
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discussed further in this paper. It is ideal 
to reduce the amount of H,S present in 
the AD to minimize the toxic hazard and 
the potential corrosion of equipment. A 
common practice to reduce the produc- 
tion of H,S is micro-aeration, which is 
to bleed air [0.3%-3% oxygen (O,)] 
into the headspace of the AD.° Sulfur- 
oxidizing bacteria (SOB) are already 
present in the AD and can easily convert 
the H,S and the O, into elemental sulfur 
and water vapor, so this method is cheap 
and preferred by most facilities operating 
an AD. While this is an effective method 
to reduce the toxic hazard of HS, it in- 
creases the risk of creating an explosive 
atmosphere and resulting in an explosion 
within the AD. 

Air is added to the AD in a controlled 
manner to ensure it remains below the 


f 


15/09/2015 


FIG. 2. Vacuum causing the buckling of 
AD tank.’ 


FIG. 3. Corrosion causing material to leak from 
the AD.’ 
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lower flammability limit; if the method 
of adding air fails, the AD can quickly 
contain an explosive mixture. It is recom- 
mended to consider designing a mitiga- 
tion system to reduce the risk of an AD 
explosion when incorporating air into 
the AD with: 

e Lower explosive limit (LEL) 
detection of the AD and alarms 
in the operator room 

e An emergency shutdown protocol 
to include safety actions to activate 
appropriate mitigations, such as 
shutdowns of electrical equipment 
(ignition sources) or isolation of 
the AD from oxygen sources 

e Frequent testing intervals 
of mitigation equipment 
(transmitters, isolation valves, etc.) 

e Proper maintenance of mitigation 
equipment. 

Safeguards and mitigations include: 

e Preventing the creation of a 
flammable/explosive environment 
in the AD: 

o Routine inspection and repair to 
eliminate potential sources for an 
influx of air into the AD; this not 
only eliminates the possibility 
of a flammable/explosive 
environment but is 
also operationally beneficial 
for the AD. 

o Automatic shutoff of 
downstream blowers to prevent 
reverse flow of air into the AD, 
if applicable. 

° Safety controls to prevent the 
over bleeding of air or oxygen 
into the AD, if applicable. 

e Reducing ignition potential by 
determining hazardous area 
classification (HAC) surrounding 
the AD and using appropriately 
classified equipment, especially if 
using an electrically-driven mixer 
for the AD. 


AD rupture. Another concern is any 
loss of biogas containment. The released 
gases pose flammable and toxic hazards 
to nearby onsite personnel. If ignited, 
the flammable gas can lead to a flash or 
jet fire, while the concentration of H,S 
gas can be lethal to personnel close to 
the AD even without ignition. In cases 
where chicken manure is used, ammo- 
nia (NH;) is produced as a byproduct,° 
which is a potential toxic hazard even at 


fairly low concentrations. 

Specifically for animal waste, ADs are 
constructed with floating roofs to ac- 
count for the growing volume of vapors. 
However, if not properly monitored, the 
pressure inside the vessel can increase 
rapidly to cause the roof to “pop off,” or 
the vessel to rupture. Based on three past 
events in 2012 and 2013 reported by the 
UK’s Environment Agency,’ pressure re- 
lief valves (PRVs) failed to mitigate over- 
pressures in the AD, causing the rupture 
of the process vessel and the release of 
flammable and toxic material into the at- 
mosphere. Overfeeding the AD and poor 
temperature control can cause increased 
foaming and liquid level in the vessel. 
If high enough, this level can block the 
PRVs and prevent them from operating 
on demand. Alternatively, the pressure 
inside the vessel can drop below design 
pressure. Underfeeding the AD will cause 
the vessel to vacuum (FIG. 2), buckle and 
release biogas into the atmosphere.*” 

Safeguards and mitigations include: 

e Properly inspect PRVs 

e Closely monitor pressure, level and 

temperature operations of the AD 

e Use process hazard analysis 

(PHA) studies to determine 
the appropriate level of safety 
interlocks needed to prevent 
over-pressure and vacuum 
conditions in the AD 

e Perform safety instrumented 

system (SIS) and safety integrity 
level (SIL) evaluations to ensure 

safety interlocks meet the desired 
level of reliability. 


Leaks from the AD. Leaks are expected 
to pose smaller hazards than full-bore 
ruptures. However, it is more likely in 
normal operating conditions for smaller 
leaks to occur with corrosion playing a 
major factor, as seen in FIG. 3. Corrosion 
of the AD® occurs when H,S created in 
the process combines with moisture from 
the AD process to produce sulfuric acid 
(H,SO,), eventually causing releases of 
biogas but at a lower and more sustain- 
able rate than the rupture of the tank 
(FIG. 4). With smaller rates of release, per- 
sonnel may experience low doses of toxic 
gas (H,S or NH;), which may be noticed 
by the pungent odor, especially with H,S. 

The presence of odor can indicate a 
leak and should be mitigated to prevent 
additional hazards from occurring.’ 
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However, if the odor goes away, it should 
not be assumed that the hazard has been 
resolved and is no longer present. It is 
typical that personnel can become accus- 
tomed to the odor or, at higher doses, lose 
their sense of smell. To prevent leaks, it is 
essential to ensure material compatibil- 
ity with all feeds, products and byprod- 
ucts that may come into contact with the 
equipment and to inspect and maintain 
the AD properly. 

Safeguards and mitigations include: 

e Install H,S and/or flammable gas 
detectors near the AD to detect 
potential leaks 

e Conduct routine inspection and 
repair for corrosion on the AD 

e Implement a hot works permit and 
management of change (MoC) 
procedures to ensure safe practices 
are followed to minimize the 
potential hazards associated with 
the maintenance 
° Create and follow proper 

purging protocols of the AD with 
nitrogen gas (N,) rather than air 
to remove pockets of biogas and 


eliminate an O, source prior 
to hot work. 
e Instruct personnel to wear 
H,S monitors properly while 
working in designated areas near 
the AD and/or other potentially 
H,S-rich equipment. 


RNG compressor building explosion. 
At this point in the process, the biogas 
has been refined into RNG and can be 
compressed for transport to end users. 


However, releases from compressors can 
create a large flammable cloud and pose 
potential flammable or explosion hazards 
resulting in potential personnel safety 
risks. Compressors are typically housed 
in buildings to protect against the weath- 
er; however, if a leak were to occur, the 
high-pressure gas can quickly accumulate 
inside the confined structure, resulting in 
a confined vapor cloud explosion. Unlike 
the AD explosion, air and ignition sourc- 
es are typically present in the building. 


FIG. 4. Release of biogas from an AD.’ 
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FIG. 5. Compressor building explosion in 
Springville, Pennsylvania. 


A small failure of the compressor equip- 
ment can quickly provide the flammable 
concentration required for the explosion. 

Several incidents have occurred at 

natural gas compressor stations, which 
are comparable to RNG compressors. 
For example, in Springville, Pennsylva- 
nia in 2012,” a valve was left open and 
the compressors were started up after 
maintenance. Within minutes, the build- 
ing filled with natural gas and exploded 
(FIG. 5). The gas detection system iso- 
lated the feed and discharge lines from 
the compressors and alerted personnel 
to evacuate. No injuries were reported 
and only one of the six compressors was 
severely damaged, due to the mitigation 
controls and alarms in place at the facility. 

Safeguards and mitigations include: 

e Consider the use of a weatherized 
compressor so it can be outdoors 
or under a roof structure but not 
within walls 

e Ifyou choose to have compressors 
indoors, these additional mitigation 
options should be reviewed and 
considered for implementation to 
meet desired risk tolerance: 

e Provide general building 
ventilation to mitigate small 
releases of RNG 

e Provide adequate gas detector 
coverage to accompany the 
automatic shutoff of feed gas and 
shutdown of compressors 

° Provide automatic shutoff of 
RNG feed to compressors as 
well as automatic shutdown of 
compressors on gas detection to 
limit the inventory available for 
release into the building 

° Design processes with 
equipment that meet the 
standards for a Class 1, Div. 1 
hazardous area to mitigate the 
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risk of igniting a potential 
cloud of RNG 
e Design deflagration venting 
panels on the building to mitigate 
the severity of an explosion 
e Relocate occupied spaces such 
as control rooms, maintenance 
offices or other occupancies to 
separate buildings away from the 
compressor structure to reduce 
population vulnerability. 


Recommended assessments. Exam- 
ples of the type of studies that are help- 
ful in the understanding of hazards and 
risk from the operation of RNG plants 
include: 

- A facility siting study (FSS) and 
quantitative risk assessment 
(QRA): These studies are used 
to model and assess hazards 
associated with operation of the 
facility and evaluate the associated 
risk of those hazards to personnel 
onsite. An FSS/QRA can assess 
the risks to personnel associated 
with site operations, such as AD 
explosion, over-pressure rupture, 
biogas release and compressor 
confined-vapor cloud explosion. 

e A hazardous area classification 
(HAC) study is used to define 
hazardous areas for electrical 
classification inside of the 
compressor building and near the 
AD tanks. 

e A pressure relief valve (PRV) 
dispersion study is useful to 
accompany an HAC study because 
intentional releases from a PRV 
can become ignition sources to the 
internal explosion of ADs, based on 
historical incidents. 

e Ventilation design studies are 
performed to determine the 
minimum required air exchange 
rate to ensure adequate ventilation 
to mitigate confined vapor cloud 
explosion hazards posed by 
small releases. 

- A fire and gas (F&G) detection 
study evaluates whether a 
particular hazardous gas release 
and/or fire radiation can be 
detected considering the 
device location in relation to 
the hazardous release scenario. 
Adequate detection is pertinent 
in the automation of safeguards 


to mitigate hazards as well as to 
prevent spurious trips. 

e SIS/SIL evaluations are used to 
verify the safeguards in place and 
sufficient testing intervals 
to achieve SIL target. 

e Based on the National Fire 
Protection Agency (NFPA) 68 
standard, perform a vent panel 
study to design the potential 
mitigation for overpressures from a 
confined vapor cloud explosion. GP 
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ABB releases new 
shaft generator 
technology 


The new shaft generator from 
ABB enables ship operators to 
benefit from the advantages of 
permanent magnet technology. 
The generator allows easy and 
flexible installation to bulk carriers, 
container carriers and LNG tankers. 

The AMZ 1400 permanent 
magnet shaft generator is 
optimized for converter control 
and enables better efficiency than 
either induction or electrically 
excited synchronous machines 
at both full and partial loading. 
This helps to cut fuel costs and 
significantly reduce CO, emissions. 

Its compact size shrinks 
the footprint of the equipment 
package by around 20% compared 
to a conventional synchronous or 
induction-type shaft generator. 

In addition, the weight is reduced 
by approximately 30%. The unit 

is also simpler to install at the 
shipyard, as the intermediate 
propulsion shaft is mounted to the 
generator and then lifted into the 
vessel for alignment. 


Baker Hughes to provide hydrogen-ready 


turbo-compression technology for pipeline 


Baker Hughes has won a contract from TERNA to supply gas 
turbines and compressors able to run on a blend of natural gas and 
hydrogen (H,) for a new compression station of the Greek Natural 
Gas Transmission System. The compression station will serve the 
domestic gas supply in Greece. 

Baker Hughes will provide three compression trains for three 
NovaLT12 H,-ready gas turbines and three pipeline compressors. The 
technology has been designed to support the compression station 
with the capability to transport up to 10% H,. The station is expected 
to enter operation in 2024 and directly supports the EU’s H, strategy 
goals to accelerate the development of clean H, and ensure its role 
as a cornerstone of a climate-neutral energy system by 2050. 


Tellurian’s Driftwood LNG begins 


construction 


Tellurian has begun Phase 1 of the Driftwood LNG terminal, an LNG 
export facility located in Louisiana, U.S., that will have an approximate 
liquefaction export capability of 27.6 MMtpy. 

Once the demolition, civil site preparation and construction of critical 
foundations are completed, Baker Hughes will manufacture two of the 
natural gas turbines required to complete Phase 1. 

Phase 1 will include two LNG plants with export capacity of 11 MMtpy. 
Driftwood has obtained all significant permits needed for construction 
and operation, progressed detailed engineering to about 30% completion 
and finalized the purchase and lease of approximately 1,200 acres of land. 


Servomex delivers 
oxygen analyzer 
to PTA facility 


Servomex has delivered its 
SERVOTOUGH OxyExact 2200 to 
INEOS Aromatics for a $70-MM 
upgrade project at its facilities in 
Indonesia. In addition, Servomex 
installed two vent gas analyzer 
systems. The project is aimed 
at reducing emissions and 
increasing capacity. 

The SERVOTOUGH OxyExact 
2200 is a high-specification oxygen 
analyzer that monitors process 
applications such as feedstock 
purity testing. In addition, it cleans 
up hydrogen (H,) and chlorine 
production, solvent recovery 
and oxidation control processes, 
ethylene oxide and ethylene 
dichloride production. 

The technology uses a three- 
enclosure system that facilitates 
the sampling and measuring of 
any flammable gas for 0%-100% 
oxygen, with no need for pre- 
sample drying. Up to six analyzers 
can be connected to a single 
control unit. 


Drager releases gas detection technology 


Drager’s X-pid 9500 combines two measuring modes to detect 
volatile organic substances, such as benzene, at extremely low 
temperatures in as little as 30 sec. The product is an upgraded version 
of the X-pid 8500, released in 2017. 

The X-pid 9500 includes a search measuring mode, enabling 
continuous monitoring for PID-sensitive compounds. The user can then 
utilize the analysis mode for a more in-depth examination. 

More than 40 target substances can be measured, including hexane, 
isobutylene and xylene. Additional substances to target can be added 
to the database by performing a local qualification, using a known 
concentration of the target compound. 

The search mode uses broadband measuring to determine the total 
concentration of detectable volatile hydrocarbons in the ambient air. 

A smartphone can control the gas detection unit with a downloadable 
application, which also evaluates the measurement data. 


RINA approves 
the first hydrogen- 
powered MR tanker 


RINA has received approval 
in principle for Swedish designer 
FKAB Marine Design’s hydrogen- 
(H,-) powered MR tanker. The 
propulsion is based on combining 
the ship’s fuel source, LNG, 
with steam in a gas reformer to 
separate LNG molecules into H, 
and carbon dioxide (CO,). 

The H, is then directly utilized 
to fuel the internal combustion 
engines and fuel cells. In 
theory, the ship can meet total 
decarbonization targets by either 
running entirely on H, or producing 
all the required power by fuel cells. 


LNG Canada receives first mega-module 

Canada has received its first significant facility module at the LNG 
Canada site in Kitimat, B.C. 

The 35-m, 4,618-metric t module will be the entry point for natural 
gas delivered to the LNG Canada site via the new Coastal GasLink 
pipeline. This module follows several other large pieces of LNG 
infrastructure recently installed at the site. 


Burckhardt Compression, PTC collaborate 


to develop remote service solutions 


Burckhardt Compression is working with PTC to develop remote 
service solutions for its customers. In addition, the companies are 
working together to continue developing a type of metaverse augmented 
reality (AR) solution for service on reciprocating compressors. 

Under the name UP! Solutions, Burckhardt Compression offers 
digital solutions that enable compressors to be monitored in real time 
and serviced remotely in cooperation with the customer onsite. For this 
purpose, the units are equipped with sensors that constantly collect 
data, such as vibrations and temperature, which are then analyzed and 
used to detect anomalies or schedule service work. 

Burckhardt Compression relies heavily on Vuforia, the AR solution 
from PTC, which observes an expert during a process, compiles 
instructions for teaching and guiding less-experienced colleagues and 
then monitors the learning phase. 


Veolia, DuPont 
convert utility 


infrastructure 


Veolia and DuPont have 
converted the DuPont Spruance 
manufacturing facility in Virginia, 
U.S., from coal to natural gas to 
efficiently produce steam and 
electricity. The facility will assist 
with optimizing energy yields 
while achieving a GHG emissions 
reduction of > 220,000 tpy. 

According to project terms, 
Veolia was to acquire, upgrade, 
operate and maintain the site’s 
utility infrastructure to improve 
efficiencies and reliability. The 
agreement included repurposing 
a 200-MW cogeneration facility 
from power production to the 
production of 500,000 lb/hr of 
steam, converting from coal to 
natural gas, and upgrading chilled 
water capacity, water networks 
and compressors. 
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Cynalytica delivers 
the first deployment 
of SerialGuard 
cybersecurity solution 
for gas pipeline 
operations 


Cynalytica’s SerialGuard is an 
entirely passive serial packet sniffer 
that allows secure visibility within 
vulnerable legacy networks designed 
for industrial control systems (ICSs). 
Legacy serial communications account 
for 30%-60% of all critical U.S. 
infrastructure. 

Many ICS security providers 
only monitor TCP/IP and Ethernet 
communications, leaving a significant 
blind spot for gas pipelines. The 
SerialGuard sensor monitors Level 1 and 
Level O serial communications between 
field devices and controllers. 
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Wartsila to deliver the first dedicated 


methanol fuel supply system 


Wärtsilä has developed MethanolPac, a 
fuel supply system specifically for methanol. In 
conjunction with the newly released Wartsila 
32 methanol engine, the company can deliver 
methanol-capable fuel and power systems 
across a wide range of vessel segments. When 
methanol is produced from renewable sources, 
it is carbon neutral and easier to manage 
than many other fuels. However, industry 
experience integrating methanol is scarce due 
to the lack of vessels operating on the fuel. 


MethanolPac includes both low- and high-pressure parts of the fuel supply system as well as the 
related control and safety functions, including the high-pressure methanol fuel pump unit, low-pressure 
pump module, fuel valve train, bunkering stations and tank instrumentation. 

The Wärtsilä 32 methanol engine combines long-established methanol fuel injection technology 
with control and automation systems. In addition, methanol fuel injection can be retrofitted to any of 
the Wärtsilä engines in operation. Wärtsilä plans to develop an ammonia-fueled engine concept by 


2023 and a hydrogen concept by 2025. 


TanQuid, Implico complete digitalization 


of Duisburg terminal 


TanQuid and Implico have completed the digitalization project at the Duisburg tank terminal 
utilizing Implico’s OpenTAS 6.0. The new IT landscape offers automated workflows, expanded service 
offerings, comprehensive data collection and evaluation, and paperless processes. 

The OpenTAS 6.0 automizes all major operations at a facility. It connects with the enterprise 
resource planning system, gathers data and produces key performance indicators (KPIs). The 
technology can also be combined with a variety of modules to adapt to the facility’s needs. 
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Korea@GulfEnergyInfo.com 


RUSSIA, FSU 
Lilia Fedotova 
+7 (495) 628-10-33 
Russia@GulfEnergy|nfo.com 

UK, SCANDINAVIA, IRELAND, MIDDLE EAST 
Brenda Homewood 


AFRICA 
Dele Olaoye 
+1 (713) 240-4447 
Africa@GulfEnergy|nfo.com 


BRAZIL 
Evan Sponagle 
Phone: +55 (21) 2512-2741 
Mobile: +55 (21) 99925-3398 
Evan.Sponagle@GulfEnergy|nfo.com 


CHINA 
TOPCO 
China@GulfEnergy!Info.com 


WESTERN EUROPE 
Hamilton Pearman 
+33 608 310 575 
Hamilton.Pearman@GulfEnergylInfo.com 


Phone: +44 (0) 1622 297123 
Brenda.Homewood@GulfEnergy|nfo.com 


CORPORATE, FULL ACCESS SUBSCRIPTION 
AND CLASSIFIED SALES 


J’Nette Davis-Nichols 
+1 (713) 520-4426 
Jnette.Davis-Nichols@GulfEnergyInfo.com 


RE-PRINTS 


Lisa Payne with Mossberg & Co. 
+1 (219) 561 2036 
lpayne@mossbergco.com 


Published articles are available for distribution in a PDF 


format or as professionally printed handouts. Contact 


Mossberg & Co. for a price quote and details about how you 
can customize with company logo and contact information. 
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